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SUMMARY
The m orbidity and m ortality  assoc iated  with contagious canine 
re sp ira to ry  d isease  have provided a s tro n g  stim ulus for investigations 
into the aetiology and pathogenesis of th is d isease  com plex. Investigations 
by previous w orkers have estab lished  tha t a  num ber of v ira l agents a re  
of im portance in such d isease , but the ro le  of b ac te ria  has rem ained 
obscu re .
P art I of th is th esis  consists  of combined pathological, bacterio log ica l 
and v iro log ical studies of n a tu ra lly  occu rrin g  cases of the 2 m ajo r 
re sp ira to ry  d isease  syndrom es of the dog i .e .  canine d is tem p er and kennel 
cough. T hese stud ies estab lish  tha t b a c te ria l infection of the low er 
re sp ira to ry  tra c t , especially  with the bacterium  Bordetella. b ro n ch isep tica , 
is of im portance in both syndrom es and indicates tha t in kennel cough, 
B ordetella b ronch isep tica  may play a p rim ary  aetio logical ro le .
P art II of the thesis  com p rises  a detailed evaluation of the pathogenicity 
of B ordetella b ronch isep tica  fo r the re sp ira to ry  tra c t  of the dog. It shows 
th a t, under experim en tal conditions, infection of young dogs with this 
bacte rium  re su lts  in a sev e re  tracheobronch itis  with the developm ent, in som e 
dogs, of an exudative pneum onia. The c lin ical, pathological, bacterio log ica l, 
im m unofluorescence, and sero lo g ica l fea tu res of the experim ental infection 
a re  described .
The control of contagious re sp ira to ry  d isease  is of g rea t p rac tica l 
im portance . In P art III is contained an account of a ttem pts to im m unise 
young dogs against experim en tal infection with B ordetella b ronch isep tica .
The re su lts  of th ese  investigations indicate that it may be possib le  to 
provide som e m easu re  of p ro tec tion  from  th is b a c te ria l re sp ira to ry  d isease  
by p a re n te ra l vaccination with an alum inium  hydroxide adjuvanted p rep ara tio n .
Xll l
The adiTiinictration of an tim icrob ial agents is one of the main form s 
of trea tm en t used in cases of contagious re sp ira to ry  d isease . Part IV of 
th is  thesis  details the re su lts  of trea tm en t of experim ental Bordetella 
bronch isep tica  infection in young dogs with two different an tib io tics, 
oxytetracycline and am oxycillin. The trea tm en t reg im es employed 
failed  to a lte r  significantly the course  of d isease  in experim ental anim als 
and it may be that effective chem otherapy of Bordetella bronchiseptica  
infection will n ecessita te  the adm in istra tion  of high doses of antibiotics 
a t frequent in te rva ls .
xiv
GENERAL INTRODUCTION
In the dog, as in man and many o ther of his dom esticated an im als, 
contagious re sp ira to ry  d isease  is recognised  as a m ajo r problem ,. In 
re sea rc h  lab o ra to rie s , m ilita ry  tra in in g  estab lislim ents, boarding and 
breeding  kennels, indeed w herever dogs a re  gathered together in any 
num bers, outbreaks of re sp ira to ry  d isease  a re  a significant cause of 
m orbidity  and m orta lity , with consequent delay and disruption of re se a rc h  
p ro g ram m es, concern to individual dog owners and general economic lo s s .
Intensive investigations of re sp ira to ry  d isease  outbreaks have led 
to the isolation of a num ber of v ira l agents. Canine d istem per v irus has 
long been recognised  as a m ajo r cause of re sp ira to ry  d isease  in the dog 
and, since 1962, canine adenovirus, canine h e rp esv iru s, canine reov iru s 
and canine parainfluenza (SV5) v iru s  have also been incrim inated .
In recen t y ears  little  attention has been paid to the ro le  of b ac te ria l 
and m ycoplasm a o rgan ism s in canine re sp ira to ry  d isease . Many d ifferent 
b a c te ria  have been reg u la rly  reco v ered  from  the nasopharynx of dogs with 
re sp ira to ry  d isease  but a ttem pts to reproduce such d isease  using  these  
agents have not been consisten tly  successfu l and they have been generally  
reg ard ed  as secondary m vaders com plicating p rim ary  v ira l damage to the 
re sp ira to ry  epithelium .
The purpose of these  investigations was to a sce rta in  the im portance 
of the ro le  of b ac te ria  in canine re sp ira to ry  d isea se . The f ir s t  p a r t of 
th is  th esis  consists  of a pathological, v iro logical and bacterio log ica l su rvey  
of dogs with such d isease ; during th is survey , it becam e apparent tha t the 
b acterium  B ordetella b ronch isep tica  was of im portance in th is d isease  
com plex. The rem ain d er of the w^ork com prises of an investigation of the 
pathogenicity of B ordetella  b ronch isep tica  fo r the dog and an evaluation of 
the effects of p rophylactic  and th erapeu tic  m easu res upon th is b a c te ria l 
component of canine re sp ira to ry  d isease .
1
PART 1 : THE ROLE OF BACTERIA IN CONTAGIOUS CANINE RESPIRATORY DISEASE
SECTION I : INTRODUCTION AND REVIEW OF THE LITERATURE
Contagious re sp ira to ry  d isease  is a m ajo r cause of m orbidity  and 
m orta lity  in the canine population : Binn et aL, (1967) found that 53 of 75 
mixeddDreed dogs, newly acquired from  a com m ercial vendor, developed 
a spontaneous re sp ira to ry  d isease  which was fatal in 10 c a se s . Such 
re sp ira to ry  d isease  is generally  considered  to ex ist in two distinct clin ical 
form s (Appel et a l., 1970; Thom pson et a l., 1975). F irs tly , re sp ira to ry  
d isease  is a m ajo r component of canine d istem per, a system ic  param yxovirus 
infection in which involvem ent of lymphoid, a lim entary  and nervous system s 
m ay contribute to the ov era ll c lin ical p ic tu re . Secondly, contagious 
re sp ira to ry  d isease  ex ists  as a le ss  w ell-defined clin ical syndrom e, which, 
because of its tendency to occur in groups of kennelled an im als, has 
becom e popularly  known as "kennel cough" : this syndrom e is re s tr ic te d  
to the re sp ira to ry  tra c t  and is c h a rac te rised  by a h a rsh , often paroxysm al 
rasp ing  cough, which p e rs is ts  for a num ber of weeks (P rie r, 1956;
O’Brien and Todd, 1971).
Recent re se a rc h  into the aetiology of canine re sp ira to ry  d isease  has 
concentrated  on the ro le  played by v ira l agents and the lite ra tu re  on these  
agents has been extensively review ed (Appel et a l . , 1970; Thom pson et a l., 1975), 
Canine d is tem per v irus (CDV) has long been recognised as a m ajo r cause 
of re sp ira to ry  d isease  in the dog (Dunkin and Laid law, 1926) but recently  
a num ber of o ther v iru ses  have been iso la ted  from  dogs with re sp ira to ry  
d isease  and, under experim ental conditions, these have been shown 
capable of inducing pathological changes in the canine re sp ira to ry  tra c t .
Thus, canine adenovirus type 1 (CAV-1) (W right et a l . , 1971; Studdert and 
Studdert, 1972; W right et a l . ,1972), canine adenovirus type 2 (CAV-2)
(Ditchfield et a l . , 1962; Binn et a l . , 1967), canine reov irus (CRV) (Lou and 
Wennei; 1963; M assie and Shaw, 1966), canine h e rp esv iru s  (CHV)
(M otohashi and Jajim a, 1966; K arpas et a l . , 1967; K arp as et aL , 1968), 
canine parainfluenza (SV5) v irus (Binn et a l . , 1967, C randell e t a l ., 1968;
Binn et a l . , 1968) and human influenza v irus type A2/Hong Kong (Bibrack,
1974; Bibrack, 1975) have all been incrim inated  to varying degree in the 
aetiology of kennel cough. The ro le  played by b ac te ria  and my copias m as in 
canine re sp ira to ry  d isease  is , however, much le ss  c e rta in .
In the la tte r  half of the nineteenth century, during the sea rch  for 
the aetio loglcal agent of canine d is tem per, many organism s w ere iso lated  
from  the re sp ira to ry  tra c ts  of d iseased  dogs; the findings of these early  
investigators w ere review ed in som e detail by T orrey  and Rahe (1913).
From  the descrip tions given, the b ac te ria  recovered  appear to have been 
staphylococci, s trep tococci, P as teu re lla -lik e  organism s and various 
G ram -negative bacilli, but th e re  was little  agreem ent among the different 
w orkers as to the re la tive  im portance of these  organism s in the d isease  
syndrom e : each investigator championed a different organ ism .
L a te r, in the early  y ea rs  of the twentieth, century, the bacterium  
originally  called Bacillus bronchicanis (F e rry , 1910), and subsequently 
renam ed Baciliiis bronchis epticus (F e rry , 1912), gained w idespread 
recognition as being of im portance in canine d istem per. Tins organism  
could be regu larly  recovered , in pure  cu ltu re , from  the low er re sp ira to ry  
tra c t  of affected dogs, and inoculation of apparently healthy dogs with the 
organism  appeared to re su lt in a d is tem p er-lik e  syndrom e (F e rry , 1910; 
F e rry , 1911; McGowan, 1911a; T o rrey  and Rahe, 1913). As early  as 
1905, however, C a rré  had considered  a v irus to be the cause of canine 
d istem per and the conclusive confirm ation of the v ira l aetiology of the 
d isease  (Laidlaw  and Dunkin, 1926) re su lted  in the relegation of Bacillus 
bronchis epticus to a position of secondary significance in the pathogenesis of 
canine re sp ira to ry  d isease .
Subsequent investigations of canine d istem per (Schlingman, 1932; 
Shoetensack, 1934; Hsiung and S tafseth, 1952; Lauder et_^.., 1954a and b) 
have confirm ed that a varie ty  of b a c te ria l and m ycoplasm al species may be 
recovered  from  the respirator}^ tra c ts  of dogs with this d isease . An equally 
wide range of b ac te ria  has been recovered  from  the nose and th roa t of 
d iseased  dogs during investigations of the kennel cough syndrom e (Mann 
and Bjotvedt, 1964; Binn et a l, , 1968; Snow et a l , , 1969; Wilkins and 
Holland, 1972).
In evaluating the significance of b ac te ria  in the a e t i o l o a n d  
pathogenesis of canine re sp ira to ry  d isease , sev e ra l points m ust be 
considered : f irs tly , the constitution of the norm al m icrob ial flora of the
canine re sp ira to ry  tra c t; secondly, w hether the m icro  flora of the respirator}/ 
tra c t  changes in d iseased  anim als; th ird ly , whether the p resence  of the 
m ic ro -o rg an ism  being evaluated m odifies the development of re sp ira to ry  
d isease  due to agents of estab lished  p rim ary  pathogenicity; and, finally, 
w hether the m icroorgan ism , on Its own, is capable of inducing pathological 
changes in the re sp ira to ry  tra c t  of norm al dogs.
As a f ir s t  step  to understanding the ro le  of b ac te ria  in re sp ira to ry  
d isease  it is im portant to estab lish  the norm al b ac te ria l flo ra  in the canine 
re sp ira to ry  tra c t .  A rem arkably  varied  b ac te ria l flora  is known to ex ist 
in the upper re sp ira to ry  tra c t  and oropharynx of norm al anim als (A ustrian, 
1968) and a num ber of studies have been made of the nasal and pharyngeal 
flo ra  of the norm al dog. It is im portant that in such studies the norm al 
anim al should have a known h is to ry  of freedom  from  clin ical re sp ira to ry  
d isease  and from  exposure to a d iseased  population which m ight re su lt 
in subclin ical infection o r m echanical c a rriag e  of potential pathogens.
Smith (1961) surveyed the aerob ic  b ac te ria l flo ra  of the nose and to n s illa r 
a re a  of dogs subm itted fo r euthanasia; these w ere healthy household dogs 
allowed m inim al contact with o ther anim als and may be considered as a 
norm al population. C lapper and Meade (1963) made a study of the norm al 
flo ra  of nose, th roa t and in testine of 25 healthy colony beagles and Brennan 
and Sim kins (1970) investigated the th ro a t flo ra  of beagles in a closed 
breed ing  colony. The findings of these  authors a re  sum m arised  in Table 1 ; 
b riefly , the organism s m ost frequently recovered  w ere Staphylococcus sp p .,  
S treptococcus s p p ., N eiss e ria  s p p . , Pasteure lla  s p p . , Corynebacterium  s p p . , 
C oliform s and M ycoplasm a spp, ; the o ther organism s w ere le ss  consistently  
iso la ted .
Singh and Parnaik (1965) investigated  the nose and th roa t flo ra  of dogs 
suffering  from  à variety  of n o n -resp ira to ry  conditions adm itted to a V eterinary  
H ospital but since no investigation of the possible exposure to re sp ira to ry  
d isease  p r io r  to hospita lisa tion  of the dogs was m ade, and since spontaneous 
outbreaks of re sp ira to ry  d isease  frequently develop in V eterinary  H ospital 
conditions, it is doubtful w hether th is population could be regarded  as 
"no rm al" . N onetheless, th is investigation, like those above, found the flora  
to be composed predom inantly of Staphylococcus s p p ., Streptococcus s p . ,
Staphylococcus spp. Smith, 1951; C lapper and Meade, 1963; 
Brennan and Sim kins, 1970.
Streptococcus spp.
N e isse ria  spp.
P asteu re lla  spp.
C orynebacterium  spp.
Coliform s
Bacillus spp. :
Haemophilus spp. :
A lcali genes spp. :
Lactobacillus spp. p
Proteus spp. • :
A chrom obacter spp. ;
Falvobacterium  spp. :
Mima spp.
Pseudomonas spp. :
K lebsiella
(A erobacter) spp. ;
Paracolobactorum  spp. :
M icrococcus spp. :
M ycoplasma spp. :
Smith, 1951; C lapper and Meade, 1963.
Smith, 1951; Brennan and Sim kins, 1970,
Smith, 1951.
C lapper and Meade, 1963.
C lapper and Meade, 1963; Brennan and Sim kins, 1970. 
Brennan and Sim kins, 1970.
Table 1 : Aerobic b ac te ria  reco v ered  from  the nose and th ro a t of norm al dogs
diptheroids and co lifo rm s.
Ill studies of the incidence of individual m icroo rgan ism s, Smith 
(1955) found P asteu re lla  sep tica  in the nose of 10% and the tonsil of 55% 
of norm al dogs while Blouse et ah /1 964) recovered  Staph, a u reus from  
64 of 150 healthy dogs. Edward, and F itzgera ld  (1951) repo rted  the 
recovery  of four s tra in s  of m ycoplasm a from  the th ro a t and vagina of 
n o rm al dogs. T hese four s tra in s , now designated M ycoplasm a can is , 
M ycoplasm a m aculosum , M ycoplasm a spurn ans ( Ed v/a r  d and F r  eundt,
1956) and Mycoplasm a edw ardii (Tully e t a l . ,1970) w ere a lso  isolated  from  
the larynx of a to ta l of 71% of 93 apparently  norm al dogs by B arile et al. , 
(1970) who considered them  norm al com m ensal inhabitants of the dog.
T hese my copias m as have also  been found in the nose and th ro a t of norm al 
dogs by Brennan and Simkins (1970) and Koshirnuzu and Ogata (1974).
In con trast to the m ixed b a c te ria l flo ra  of the norm al oro  - and 
nasophanm x, the low er re sp ira to ry  tra c t  of both man and anim als is 
generally  regarded  as s te r i le  (Brum fitt et ah, ,1957; Lees and McNaught, 
1959; L aurenzi et a l, ,1961). The s te r ili ty  of the norm al low er re sp ira to ry  
t ra c t  in the dog was com m ented on by F e rry  (1911) who had exam ined the 
tra ch ea  and bronchi of living healthy anim als by m eans of a bronchoscope.
In a s im ila r  fashion, H euer and Dunn (1920) found the re sp ira to ry  m ucosa 
a t the level of the tra ch ea l b ifu rcation  in healthy experim ental dogs to be 
a lm ost invariably s te r i le .
No com prehensive, controlled  survey has yet been c a rrie d  out into 
the incidence of b ac te ria  in both the upper and low er re sp ira to ry  tra c ts  
of dogs with re sp ira to ry  d isea se . However, extensive investigations 
have been made of the nasopharyngeal flo ra  of dogs with a kennel cough- 
type syndrom e (Mann and Bjotvedt, 1964; Binn et al. 1968; Snow et a l , ,T969; 
Baker and Huebner, 1970; W ilkins and Helland, 1972). A wide range of 
b ac te ria  w^ere isolated  by th ese  au thors but, of the species  they recovered , 
only B ordetella (Bacillus) b ronch isep tica  is not included in Table 1, i .e .  
is  not also regu larly  found in norm al dogs. P asteu re lla  spp. (Stevenson and 
H ilbert, 1937) and B eta-haem olytic strep tococc i (H are, 1946; Tov/nson,
1947) w ere recovered  from  to n s illa r  swabs from  dogs with re sp ira to ry  
d isease  and w ere considered  by the authors to be of significance in the
pathogenesis of the d isease . Snow et aL,(1969) com pared the incidence 
of b a c te ria l species in the nasa l flo ra  of 97 dogs newly acquired from  
various com m ercial so u rces and shov/ing no c lin ical evidence of 
re sp ira to ry  d isease  with that of those 25 dogs which subsequently developed 
re sp ira to ry  d isease . W hilst the incidence of m ost b ac te ria  was unchanged, 
that of Staph, aureus and Bord, bronch isep tica  ro se  from  69% and 12, 5% 
respec tive ly  in the asym ptom atic period  to 84% and 36% respective ly  
in the d iseased  period .
As th e re  is som e difficulty in in te rp re tijig  re su lts  from  nasopharyngeal 
swabs in d iseased  dogs since the norm al flo ra  is subject to considerable 
varia tion , m ore significance m ight be attached to o rgan ism s iso lated  
from  the norm ally  s te r i le  low er re sp ira to ry  tra c t . Investigations of 
low er re sp ira to ry  tra c t  bacterio logy  in dogs with kennel cough a re , how ever, 
few. A rm strong  et aL fl972) found P asteu re lla  s p p . , Pseudomonas sp p ., 
B eta-haem olytic s trep tococc i, coliform s and o ther b a c te ria  in dogs with 
spontaneous re sp ira to ry  d isease , while Swan go et ah ,(1970) recovered  
Bord, b ro n c h isep tica , Past, m ultocida, Pseudomonas aerug inosa and s tre p to ­
cocci from  the lungs of dogs experim entally  infected with canine adenovirus.
M ore extensive studies of low er re sp ira to ry  tra c t  bacterio logy have 
been m ade during investigations of canine d istem per. Thus, F e rry  (1911) 
recovered  Bord, bronchiseptica from  the low er re sp ira to ry  tra c t  of 97 
dogs with d istem per; the o rganism  was also  found by McGov/an (1911) 
in 93% of 29 dogs and by TWrrey and Rahe (1913) in 81% of 80 dogs with 
d is tem p er. L a te r Schoichi (1923) and H ardenberg  (1925) found Bord. 
b ronch isep tica  in the lungs of 85% and 87% of d istem per cases resp ec tiv e ly . 
Schlingman (1932) found strep tococc i, staphylococci and organ ism s of the 
colon-typhoid group to form  the predom inant flo ra  in dogs exam ined, while 
B ord, b ronch isep tica  was also p re sen t. In a m ore recen t survey (L auder 
et a l. ,1954) of the lungs of 70 dogs with d istem per, 63% of lungs w ere
s te r ile  w hilst s trep tococc i. Bacterium  coli, Proteus vulgaris and Staph.
allaus w ere m ost common in the rem ain ing  37%. Bord. (Haemophilus) 
bronch isep tica  was not found. These authors considered that Bord.
b ronchisep tica  had becom e uncommon in the dog, but since the tra c h eo ­
bronchial tre e , the optimum site  for isolation of th is organism  (W insser 
1960), was not exam ined, the validity of th is conclusion m ust be open
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to doubt. The cu rren t incidence of b ac te ria  in the lower re sp ira to ry  
tra c t  of dogs with d is tem per is unknown.
My copias m as have been reco v ered  from  the upper (Shoetensack,
1934; G reig, 1954; Binn et aL , 1968) and low er re sp ira to ry  tra c t  
(A rm strong  et a l . ,1970; A rm strong  et al. ,1972; Rosendal, 1972) of 
dogs with re sp ira to ry  d isease  and it may be of significance that one of 
the my coplasm as found in pulm onary lesions differed from  the four 
n o rm ally -o ccu rrin g  s tra in s  described  prev iously . This new s tra in  was 
subsequently designated M ycoplasm a cynos (Rosendal, 1973).
K lebsiella  pneum oniae has been Isolated from  the lungs of individual 
dogs with pneumonia (Ludford and Stevens, 1958; Cole, 1964).
Table 2 su m m arises  the above isolations of b ac te ria  recovered  from  
the upper and low er re sp ira to ry  tra c ts  of dogs v/ith re sp ira to ry  d isease .
Of th ese  b ac te ria , Bo rd , b ro n ch iaep tica , S treptococcus s p p . , Staphylococcus 
s p p . , K lebsiella  s p p . , and Pseudomonas spp. a re  considered  to be m ost 
significant in canine re sp ira to ry  d isease  (Jubb and Kennedy, 1963; Pennock 
and A rchibald, 1968; Aronson and K irk , 1971). However, th e ir  ro le , if 
any, in the pathogenesis of such d isease  has yet to be conclusively 
estab lished .
Canine d is tem per was f ir s t  re liab ly  reproduced in the dog by Dunk in 
and Laidlaw (1926) by inoculation of b a c te r ia -f re e  m ateriaT in to  healthy dogs. 
U nder these  experim ental conditions, c lin ical signs re fe rab le  to the 
re sp ira to ry  tra c t  w ere, in co n trast to those found in field  cases of the 
d isease , a lm ost invariably  m ild, and although at post -m ortem  exam ination 
th e re  was in som e an im als evidence of m ild bronchitis with sm all sca tte red  
patches of bronchopneum onia, the sev e re  and extensive pneumonias 
recognised in the field d isease  w ere not p re sen t. The authors concluded 
tha t naturally  occu rrin g  CDV infection was often com plicated by secondary 
b a c te ria l infections which w ere responsib le  for much of the c lin ical disease* 
M ore recen tly , a wide range in the severity  of clin ical signs 
associated  with experim ental CDV infection in conventionally re a red  dogs 
have been recorded  by Cornw ell et al (1965a) and Appel (1969) while
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B ordetella
bronchiseptiica
K lebsiella  spp.
S treptococcus spp.
Staphylococcus spp.
P asten re lla  spp.
Proteus spp.
Pseudomonas spp.
N e isse r ia  spp.
H aem ophilus spp .
C o ry neb a c te r ium 
spp,
Coliform s 
A lcali gen es spp.
; F e rry , 19.1 K T orrey  and Ralie, 1913; Hardenbergy 
1925; Snow ei: ah,, 1969; Appel ef ,(1970); Wilkins 
HcUand, 1972.
Mudford and Stevens, 1958; Cole, 1964; Mann 
and Bjotvedt, 1964.
H are , 1946; Townson, 1947; Snow et aH, 1969;
Baker and Huebner, 1970; Wilkins and Holland,
1972.
: Mann and Bjotvedt, 1964; Snow et aR, 1969;
Baker and H uebner, 1970; Wilkins and Holland, 1972.
: Stevenson and H ilbert, 1937; Brennan el: a l., 1965;
• W ilkins and Holland, 1972.
: Mann and Bjotvedt, 1964; Snov; et al,, 1969; Appel
et a]., 1970a; Wilkins and Holland, J972.
: Mann and Bjotvedt, 1964; Snow et a l . , 1969; Appel
et a l., 1970a; Wilkins and Holland, 1972.
: Snow et a l ., 1969; Wilkins and Belland, 1972.
: Wilkins and Holland, 1972..
: Wilkins and Holland, 1972,
: Mann and Bjotvedt, 1964; Binn e_t_a]., 1968;
SnowjR^al., 1969; Wilkins and Helland, 1972.
: W ilkins and Helland, 1972,
Table 2 : B acteria  reco v ered  from  the re sp ira to ry  tra c t  ot dogs with
re sp ira to ry  d isease
1 0
Bacillus spp.
M ima spp, 
A chrom obacter spp. 
F lavobacterium  spp. 
Paracolobactrum  spp. 
M icrococcus spp. 
M ycoplasm a spp.
Snow et a l ,,l9 6 9 .
Wilkins and Helland, 1972.
Wilkins and Helland, 1972.
Wilkins and Helland, 1972.
Mann and Bjotvedt, 1964; Snow et a n , 3969.
Baker and Huebner 1970; Snow et al., 1969.
Shoetensack, 1934; A rm strong e t_al., 1970; 
Rosendal et a l., 1972; Wilkins and Helland, 1972.
Table 2 (continued) : B acteria  recovered  from  tiie re sp ira to ry  tra c t  of dogs
with re sp ira to ry  d isease .
1 1
Gibson et al./1965) investigating CDV infection in gnotobiotic anim als 
found tha t d isease  signs w ere lim ited  to pyrexia  and decreased  appetite; 
the la tte r  authors tiypotliesised th a t the m icrob ial flo ra of the non-gnotobiotic 
anim al was necessa ry  for the developm ent of many commonly recognised 
c lin ical signs, A s im ila r  view was held by Appel (1970) although Bussel 
(1970) considered that m ild sym ptom atology in experim ental anim als may 
have been due e ith e r to non-optim al routes of infection o r to rapidly 
developing im m unity.
Secondary b a c te ria l infection might well be expected in CDV infection 
since the v irus induces m arked  lymphoid depletion and thym ic atrophy 
(McCullough et; al. ,1973) and it may be that much of the clin ical fea tu res 
of re sp ira to ry  d isease  asso c ia ted  with CDV is due to b a c te ria l invasion of 
the re sp ira to ry  tra c t  in th ese  im m unosuppressed an im als.
In the kennel cough syndrom e, th e re  is uncertain ty  as to the ro le  
played by b ac te ria , the d isease  being generally  recognised  as of v ira l 
aetiology (Wilkins and Helland, 1972). Over the y e a rs , a num ber of 
v iru ses  have been incrim inated  (Appel et a l ., 1970; Thompson et ah , 1975) 
but it is in te restin g  to note that the c lin ical signs recorded  in experim ental 
studies of re sp ira to ry  d isease  induced by these  agents have often been 
m ild, tran s ien t o r even inapparent; th is is in m arked co n tra st to the 
sev e re  cough, often p e rs is tin g  fo r s e v e ra l w eeks, which is c h a ra c te r is tic  
of many naturally  occu rrin g  cases of kennel cough (M osier, 1955; P r ie r , 
1956; Pennock and A rchibald, 1968).
Experim ental reo v iru s  infection has resu lted  in e ith e r m ild rh in itis  
(Lou and Wenner, 1963; M assie and Shaw, 1966) o r inapparen t,c lin ical 
d isease  (H olzingier and G risem er, 1966; Thompson et a l., 1970); in only 
one anim al has coughing been reco rd ed  (Lou and W enner, 1963). S im ilarly , 
experim ental he rp esv iru s  infection has resu lted  in only a se ro u s  o r 
mucoid rh in itis  (Appel et a l., 1969; Thom pson et al. ,1972) although 
spontaneous coughing was reco rd ed  in 30% of 13 dogs inoculated int ran  as ally 
(K aipas et a L , 1968), In experim ental SV5 infection, som e authors have 
recorded  inapparent infection (Black and Lee, 1970) and m ild rh in itis  
(C randell ct a l., 1968; L azar et a l,, 1970); rh in itis  was also noted by Appel
1 3
and Percy (1970) in 25% of 20 clegs, 35% of which also developed a mild 
cough for up to 6 days, R osenberg  aj.( 1971) also described  coughing 
of 2 to 12 days' duration in 60% of experim ental dogs infected with SV5, 
although Binn and L azar (1970) considered  in apparent infection with SV5 
to be m ore common than overt d isease . Swan go etjiL(1970) reported  that 
experim ental CAV“2 infection re su la ted  in paroxysm al coughing but, in 
th is experim ent, many potentially  pathogenic b ac te ria  w ere also  recovered  
from  the lungs of the infected anim als : in con trast, in dogs infected with 
CAV-1, when the lungs w ere bacterio log ically  s te r ile , spontaneous coughing 
was recorded  for only 4 days in 75% of 16 Infected dogs although, in 19% 
coughing could be induced by tra c h ea l palpation for up to 12 days (W right 
et a l ., 1971),
La the few spidies w here dogs infected with a virus have also been 
given b ac te ria , c lin ical signs have been much m ore sev e re  than in dogs 
given v iru s alone, with coughing of sev e ra l w eeks' duration developing 
in som e anim als (Appel and Percy, 1970; Appel et aL, 1970). It may, 
th e re fo re , be possib le  that, like d is tem per, supervening b ac te ria l infections 
a re  responsib le  for m uch of the clin ical p ro g ressio n  of the kennel cough 
syndrom e (K aipas et a l . , 1968; Appel e l^a l^ l970 ; Wilkins and Helland,
1973; W right 1974),
Lim ited attem pts have been m ade to estaJblish the p rim ary  pathogenicity 
of b a c te ria  fo r the canine re sp ira to ry  tra c t .  F e rry  (1911), McGowan (19 LI) 
and T orrey  and Rahe (1913) claim ed to have produced re sp ira to ry  d isease  
in dogs by iîioculation of Bord, bronchiseptica via the re sp ira to ry  tra c t , 
but as no control anim als v/ere employed and th e re  was no method of 
elim inating CDV infection, th ese  re su lts  cannot be regarded  as conclusive. 
H ardenberg  (1925) also inoculated dogs with Bord, bronchisep tica  via the 
re sp ira to ry  tra c t , but was unconvinced that the subsequent d isease  in 
th ese  dogs was in fact associated  with th is bacillus as his uninoculated 
control anim als developed an identical d isease , Ray (1948) considered 
kennel cough to be due to infection with Bord, bronchis eptica while Towns on 
(1947) believed that B eta-haem olytic strep tococci, recovered  from 
the lungs of affected dogs ,v;ore p rim ary  pathogens. U nsuccessful attem pts 
to produce re sp ira to ry  d isease  in dogs by inoculation of these  agents e ither
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alone o r  in combination have, however, been recorded  (Greig, 1954;
M osier, 1955; Chappel et a l . , 1956).
More recently , Appel et a l . (1970) failed to induce d isease  in dogs 
by in tranasa l inoculation of Bord, b ronch iseptica alone o r  with an 
untyped mycoplasma, although these  o rganism s had been recovered  from 
a naturally  occurring  outbreak of re sp ira to ry  disease  from which no known 
canine virus could be isolated. However Appel et M* (1970) cited H arr is  
as finding that in tra trachea l ra th e r  than in tranasa l inoculation with Bord. 
bronchiseptica had resu lted  in re sp ira to ry  d isease  in a dog.-
In sum m ary , a wide variety  of bacte ria l species can be recovered  
from  the upper re sp ira to ry  t r a c t  in dogs with re sp ira to ry  disease; however, 
these  sam e bac te ria ,  with the possib le  exception of l^ ix h  b ronchisep tica 
can also be found in the sam e situation in norm al, healthy dogs. There  is 
evidence that bac te r ia l  infection may be at leas t  partly  responsible  for the 
clinical p rog ress ion  of d is tem per and kennel cough, the two main forms of 
contagious canine re sp ira to ry  d isease . The incidence of b ac te r ia  in the 
lower re sp ira to ry  t ra c t ,  norm ally s te r i le ,  of dogs with these  conditions 
has not, however, been established nor is it definitely known whether the 
p resence  of b ac te r ia  at this s ite  is co rre la ted  with m ore  sev e re  pathological 
lesions than a re  found in uncomplicated v ira l  infections. The p r im ary  
pathogenicity of b ac te r ia  for the canine re sp ira to ry  t r a c t  has yet to be 
proved.
In o rd e r  to elucidate the ro le  of b ac te r ia  in canine re sp ira to ry  disease , 
a combined pathological,viro logical and bacterio logical study of dogs 
suffering from the two main clinical form s of contagious re sp ira to ry  d isease  
i . e .  d is tem per and kennel cough, was undertaken.
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SECTION 2 ; MATERIALS AND METHODS
Survey Populations
Two separa te  groups of anim als were  examined.
The f i r s t  group consisted of animals diagnosed clinically as having 
canine d is tem per. Cases were obtained for necropsy from a sm all  animal 
clinic staffed by m em bers  of the U niversity  of Glasgow Veterinary  School; 
all these  cases were drawn from the centra l, urban a re a  of Glasgow. A 
clinical diagnosis of d is tem per was made on the basis  of the p resence , in 
the affected animal, of a minimum of 4 of the 6 following clinical signs 
i . e .  1) hyperkeratosis  of pads o r  nose, 2) nervous signs, 3) discharge 
from  eyes an d /o r  nose, 4) re sp ira to ry  signs, 5) d ia rrhoea  and 6) minimum 
duration of il lnesses  of th ree  weeks; if hyperkeratosis  was p resen t,  a total 
of th ree  of these  signs was considered sufficient to make a firm  diagnosis. 
Dogs w ere examined at various points in the  d isease  p ro cess  as, in all c ases ,  
the owners had requested that th e i r  dog be humanely destroyed. Some 
animals had received  antibiotic therapy p r io r  to destruction.
The second group was composed of dogs submitted for necropsy from 
a la rge  kennel housing s tray  animals drawn from suburban and ru ra l  
d is tr ic ts  to the west of Glasgow. Only apparently healthy dogs v/ere 
admitted to th is  kennel and, on a rr iv a l ,  a ll dogs v/ere inoculated with m easles  
vaccine (Kavac M : Duphar V eterinary  L t d . , Southampton). Dogs were 
held in the kennel for 7 to 10 days and, unless claimed o r  bought wnthin 
th is  period, were  then humanely destroyed. Nonetheless, this kennel, 
with its everchanging dog population, had a pe rs is ten t  problem  of contagious 
re sp ira to ry  d isease . D isease outbreaks were frequent and, at such tim es, 
many of the dogs p resen ted  for destruction were coughing, whilst dogs 
re tu rned  to th e ir  owners o r  sold requ ired  subsequent ve ter inary  attention 
for p e rs is ten t  coughing. Between such "outbreaks", th e re  were periods 
of le ss  overt clinical d isease . This kennel thus p resen ted  an opportunity 
to study a "kennel cough" - type population. During the period  of this 
survey an outbreak of re sp ira to ry  d isease  had occurred  in the kennels and 
approximately 75% of dogs submitted for fu r ther examination in the p resen t 
study had clinical re sp ira to ry  d isease  at the tim e of destruction. No animal 
had received  antibiotic therapy,
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N ecropsy Procedures
All animals were killed by rapid intravenous injection of 
pentobarbitone sodium (Euthatal : May and Baker L td ., Dagenham). A 
full post m ortem  examination was ca r r ied  out as soon a f te r  death as 
possible; in all cases this was within 24 hours of death. All system s 
were examined and sam ples of t issue  were taken for fu r ther examination 
as required .
Representative sam ples of lung were selected for histological 
examination whether the re  was gross evidence of d isease  o r  not; blocks 
of trachea , tracheobronchial and re tropharyngeal lymph nodes, tonsil, 
l iver ,  kidney, spleen and b ladder were also routinely examined. In cases 
of d is tem per with clinical evidence of encephalitis, the b ra in  was removed 
and fixed wdiole.
One en tire  lung lobe was taken for bacterio logical examination; this 
was normally the right card iac  lobe but in some cases the interm ediate  
lobe was used; the lobe was removed at the level of the lobar bronchus, 
care  being taken not to cut the lung substance. Trachea, tonsil and 
tracheobronchial and re tropharyngeal lymph nodes were also examined by 
bacterio logical techniques.
Small (1 cm x 1 cm x I cm) blocks of lung, including a bronchus, 
tonsil and re tropharyngeal lynrph node were taken for examination by 
fluorescent antibody techniques. In cases  with clinical evidence of 
encephalitis , sm all blocks of h ind-brain  were also taken.
An en tire  lung lobe, norm ally the in term ediate lobe, was taken 
and s to red  at -20°C until v irological isolation p rocedures could be ca r r ied  
out.
Histological Procedures
Lung tissue  was fixed in 10% neutra l buffered formol saline (NBFS). 
The fixative was instilled into en tire  lung lobes via the bronchus until the 
p leu ra l surface of the lobe was v/rinkle free; the bronchus was then ligated 
and the lobe imiriersed in 10% NBFS, After 48 hours, all the t issues  were 
t r im m ed  and tra n s fe r re d  to f resh  NBFS for a fu r ther 24 hours .
T issues  were dehydrated In a phenol/methanol-absolute alcohol- 
chloroform /xylene se r ie s  and were then embedded in paraffin wax; lung 
blocks were embedded overnight in a vacuum oven.
Sections were cut at 4-6pm and stained routinely with M ayer's  
haemalum and eosin (HE); to dem onstrate  collagen and fibrin, selected 
sections were stained with M artins-Scarle t Blue (MSB) and to dem onstrate  
d is tem per virus inclusion bodies the haemalum-phloxine-tartra.zine method 
(PTI) of Lendrum (1947) v/as employed,
Bacteriological Procedures
■ The tissues  taken for bacterio logical examination were sampled as 
described  below.
Lung : a) Bronchus : Bronchial exudate was asp ira ted  into a Pasteur
pipette o r  the mucosa was washed with s te r i le  norm al saline 
(SNS). One drop of this m a te r ia l  was used for inoculation.
b) Lung substance : The p leu ra l  surface of the lung lobe was 
h ea t- se a red  and the lung substance obtained for inoculation by 
stabbing through the sea red  a rea  with a Pasteur pipette.
T rachea  : The trachea l mucosa was m assaged vigorously with a s te r i le  
w ire loop and the m a te r ia l  so obtained was subsequently used.
Lymph nodes and tonsil ; These t issues  were seared  on th e ir  external 
su rfaces  and then transec ted  with a s te r i le  scalpel blade. The 
exposed surface was then punctured and tissue  asp ira ted  and 
then used for inoculation as described above.
Prim ary  isolation of bac te ria  was c a r r ied  out by inoculation of the 
above sam ples onto pa ired  Nutrient Blood Agar (NBA) and MacConkey Agar 
p la tes , these  plates then being aerobically  incubated at 37°C for 24-48 hours. 
D irect sm ea rs  of the m a te r ia l  inoculated on to the agar plates were made 
on glass slides; these sm ea rs  were heat-fixed, stained by G ram 's  method 
and examined for the p re sence  of bac te r ia .  Some sm ea rs  were also stained 
by -Loeffler'sMethylene Blue,
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Representative b ac te r ia l  colonies appearing at p rim ary  isolation 
were examined and identified according to the methods of Cowan and Steele 
(1965),
Media : Nutrient Blood Agar was made up using Nutrient Agar Base
(Oxoid L t d . , London); 1% s te r i le  horse  blood (Burroughs Wellcome 
Ltd. ; Kent) was added to the molten Agar base at 55°C.
MacConkey Agar  was made from MacConkey Agar Base (Oxoid 
Ltd, : London) according to m anufacturer 's  instructions.
Sterile  Norm al Saline was a 0. 85% saline solution s te r i l ised  by 
autoclaving at 15 Ib /sq . inch, for 15 minutes.
Immunoflu o re scence P rocedures
'Phe sm all blocks of t is su e  taken at post m ortem  examinations were 
placed in individual glass containers, snap frozen in a m ixture  of solid 
carbon dioxide and 2-methylbutane, and s to red  at -2Ü^C until examined.
F o r  examination 3-4pm thick sections were cut on a Slee crjm stat at -2 0°C, 
dried in a ir ,  fixed in acetone for 10 minutes and stained with fluorescent 
an tise ra  specific for canine d is tem per v irus (CDV) and canine adenovirus 
(CAV). The antiserum  was layered  onto the fixed sections and these  
were left in a m oist cham ber for 30 minutes at room tem p era tu re . The 
sections were then washed in phosphate buffered saline (PBS) pH 7 .4  
for 30 minutes, mounted in PBS and examined on a Leitz "Orthoplan" 
fluorescence m icroscope equipped for incident light fluorescence.
The specific fluorescent an tise ra  were p repared  as described below.
a) Canine d is tem per v irus an tiserum . Young, healthy rabbits 
were inoculated in tram uscularly  with 1 ml of an equal volume of an emulsion 
of v irus suspension and F reund 's  complete adjuvant. Six weeks la te r ,  the 
rabbits were given suspension intravenously. They were bled a fte r  a. 
fu r ther 10 days and the s e r a  pooled. The virus suspension used was 
derived by repeated purification in sucrose  density gradients from tissue  
culture fluids obtained from a continuous dog kidney cell line which had 
been infected with the Glasgow 841 s tra in  of d istem per virus (Cornwell et al., 1965b)
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b) Canine adenovirus an tisernm . A fourteen week old dog v/as 
inoculated subcutaneously with 1 ml of v irus suspension emulsified with 
1 ml of F reund 's  complete adjuvant. A fu r ther  1 ml dose of v irus was 
given intravenously 6 weeks la te r  and a fte r  a fu r ther 10 days the dog 
was bled and the serum  separa ted . The s tra in  of v irus used (CAV-1; 
infectious canine hepatitis virus) was obtained by repeated freezing  and 
thawing of a dog kidney cell line infected v/ith a s t ra in  of adenovirus 
isolated from a dog with in te rs ti t ia l  nephritis  (Wright et a l ., 1973a).
Serum f r actionation : Equal volumes of serum  and saturated  ammonium 
sulphate w ere  thoroughly mixed and left for 10 minutes at 4°C. The 
prec ip ita te , containing the globulin fraction, was separa ted  by centrifugation 
at 4*^ C and resuspended in PBS to one th ird  of the original serum  volume.
The protein solution was dialysed for 48 hours at 4*^0 against PBS to 
rem ove ammonium ions.
oSerum conjugation : The globulin fraction was conjugated at 4 C with 
10% fluorescein  isothiocyanate (FITC) on celite powder (Calbiochem : 
California, U. S, A. ) by the method of Rinderknecht (1962). 10 mg of
dry FITC powder was added to 2 ml of globulin and 2 ml of carbonate / 
bi carbonate buffer pH9, and s t i r r e d  in an ice bath fo r 5 m inutes. F ree  
dye was removed by pass ing  the conjugate through a column of Sephadex 
G25 fine grade (Pharmacia; Uppsala, Sweden). The conjugated serum  
was absorbed at 4°C with 100 mg dog tissue  pow der/m l conjugate.
T issue  powder for absorption v/as p repared  from dog l iv e r  and 
kidney t is su e  of young healthy dogs. T issues  were homogenised in a 
Waring blender and washed repeatedly in isotonic saline before severa l 
washes in la rge  volumes of acetone. The supernatant was removed and 
the rem aining m a te r ia l  dried  overnight at 37^C, ground in a m o rta r ,  
c o arse  m ate r ia l  removed by sieving and the rem aining fine powder s tored , 
in a irtight containers, at 4^G.
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Vi.rological Procedures
The lung lobe taken at necropsy was finely chopped with sc is so rs  
and a 20% suspension of this t is sue  was made up in maintenance medium. 
The suspension was thoroughly shaken, allowed to sett le , and the 
supernatant was used to inoculate p r im ary  cultures of dog kidney cells 
in 8 oz bottles; 4 ml of supernatant was inoculated p e r  bottle, allowed 
to absorb at 37°C for 2 hours and was then decanted. The cell sheet was 
washed with PBS and maintenance medium added. The cell cultures were 
changed daily for the f i r s t  7 days and then twice weekly. The bottles 
w ere  examined daily for evidence of cytopathic effect. Haemadsorption 
te s ts  v/ere also ca r r ie d  out on inoculated bottles after 12 days' incubation.
Maintenance medium ; E arles  Balanced Salt Solution (Burroughs Wellcome
L td .,  ; Kent) was made up to m anufac tu rer 's  instructions ; 0.5% 
lactalbumin hydrolysate was added. Immediately before use 5% calf scrum  
(Burroughs Wellcome Ltd. : Kent) and the following antibiotics v/ere 
added :
100 un i t s /m l  Penicillin 
100 pg /m l Streptomycin 
50 pg /m l Poly mix in B 
2, 5 pg /m l Amphotericin B 
10 pg /m l Chloretracycline
Haem adsorption te s t  : An 8 oz bottle inoculated 12 days previously was 
reseeded  onto coverslips  in ro l le r  tubes; 6 coverslips were obtained 
from  1 bottle. The next day, i . e .  13 days post inoculation, maintenance 
medium was decanted from the coverslips  and the cell sheets washed 
in PBS at 4^C; 0 .2m l of a 0.4% suspension of fresh ly  obtained guinea-
pig red  blood cells in A lsevers  solution was added to each coverslip
p repara tion , allowed to incubate at 4*^ C for 30 mins and was then decanted. 
The cell sheet was washed twice in cold PBS and examined under a 
m icroscope for adsoiqDtion of the red  cells to the kidney ce lls .
30
SECTION 3 :
A SURVEY OF DOGS WITH CANINE DISTEMPER VIRUS INFECTION
Survey Desigii
The object of this survey was to investigate the incidence and nature 
of bac te r ia l  involvement in the re sp ira to iy  component of CDV infection 
in the dog and to investigate the effect of such bacteria l involvement on 
the m acroscopic  and m icroscopic  pathological changes associated  with 
the p r im ary  v ira l  infection.
A total of 50 dogs (D1 - 050) were selected for examination in tliis 
survey on the basis  of the clinical c r i te r ia  described in Section 2 above. 
Relevant background data on these  50 dogs a re  presented  in Table 3.
Mongrel o r  c ro ssb red  dogs and dogs up to 1 year of age com prised a 
high proportion, 64 p e r  cent and 98 p e r  cent: respectively , of the dogs 
examined in this survey; the ra tio  of male to female animals in the 
survey population was approximately 2 : 1 .
Each dog was submitted to a full post m ortem  exairiination at 
which sam ples were taken, as described  in Section 2, for immunofluorescence 
examination for CDV antigen and for bacterio logical and histopathological 
investigation.
Pathologic al Fhidm gs
M acroscopic ; The m ajor pathological changes found at post m ortem  
examination were p re sen t in the re sp ira to ry  t ra c t  and associated  
s tru c tu re s .
In the lungs, 3 different types of change were recognisable and the 
incidence and severity  of these  changes a re  sum m arised  in Table 4,
The most frequent change was the p resence  of pulmonary oedema; 
affected a reas  of the lungs were da rker  than normal in colour (F igs. ] and 
2), did not collapse as completely as un involved a reas  when the thoracic  
cavity was opened and w ere of a pliable, rubbery consistency. Wlren 
a reas  of oedematous lung t issue  were transec ted , c lea r ,  often frothy 
fluid could easily be expressed  from the cut surface which, itself, had 
a glassy appearance (Fig. 3). Oedema varied in severity  from the
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presence  of patchy a reas  sca tte red  throughout the lung lobes (designated 
in Table 4) to diffuse involvement of the m ajority  of the lung tissue
(designated ”+ + + "  in Ttible 4). Excessive amounts of c lea r  or frothy
fluid were frequently found in the tracheobronchial t re e  of dogs with
m oderate  o r  severe  pulmonarji^ oedema.
The second m ost frequent finding in the lungs was the p resence  of 
a re as  of exudative pneumonia which v/erc found almost exclusively in 
the an te r io r ,  dependent portions of the lungs i . e .  the apical, card iac  
and anteroventral portion of the diaphragmatic lobes (F igs. 1 and 4).
These a reas  were mottled red-brown o r red-yellow in colour and were 
often surrounded by a p e rip h e ra l  zone of hyperaem ia (Fig. 2); they were 
firm  in consistency and v/ere usually w ell-dem arcated  from the surrounding 
lung tissue  (Fig. 5), although in some dogs they appeared as patchy, 
coalescing foci (Fig. 6); on section, th e re  was exudation of fluid from the 
cut surface  and a purulent exudate could easdy be expressed  from the 
bronchial t re e .  The severity  of exudative pneumonia varied  from 
involvement of only a single, o r  p a r t  of a single, lobe (designated in 
Table 4), to almost complete involvement of the whole an te r io r  portions 
of the lungs (designated "+ +  T” in Table 4).
The th ird  type of change which was recognised in the lungs also 
consisted of a reas  of pneumonia but these  were different in nature from 
the hyperaem ic, exudative a reas  previously  described. These a reas  of 
non-exudative pneumonia could be found in all lobes of the lungs but 
w ere  m ore  common, in the an te r io r  lobes where they w ere often p re sen t  
at the edges, ra th e r  than in the cen tre , of the lung lobes (Fig. 7), These 
a reas  were firm in consistency and a homogenous grey-pink in colour; 
they were usually well -defined from the surrounding t is su e  and w ere 
som etim es slightly ra ised  above the level of the adjacent, deflated lung; 
on section, th e re  was no exudation of fluid from the cut surface  and 
pus could not be expressed  from the bronchial t r e e .  Areas of non­
exudative pneumonia varied  from the p resence  of individual, o r a  few, 
sm all foci (designated "+” in Table 4) to involvement of up to 
approximately 40% of the lung (designated ”T T 4-" in Table 4).
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From  Table 4, it can be seen that pulmonary oedema was p resen t 
in 47 of the dogs examined, exudative pneumonia in IB, non-exudative 
pneumonia in 10 and that all 3 changes could be found in any individual 
animal e .g .  D14 (Fig. 1), In only 1 dog (D28) was th e re  a different 
m acroscopic  appearance : in this animal multiple, 2 mm. d iam eter , 
grey-white, nodules w ere  found on the p leura l su rface  and throughout 
the substance of all the lung lobes; these nodules contained a ra th e r  
crumbly, greyish m a te r ia l .  In 2 dogs (D39 and D40) no m acroscopic  
pathological changes could be detected; fu r ther investigation of the 
clinical history  of these  dogs revealed that they had, apparently, 
recovered  from the d isease  only to re lapse  with sev e re  neurological 
signs.
In the m ajority  of the dogs examined, die tracheobronchia l and 
re tropharyngeal lympli nodes were enlarged up to twice norm al s ize  and 
v/ere often congested; the palatine tonsils  were also enlarged in 
approximately half the dogs.
Other m acroscopic  pathological changes which w ere regu larly  
found were thymic atrophy and hyperkeratosis  of e ither or both the 
rh lnarium  and foot pad. Complete or alm ost complete thymic atrophy 
(F igs. 8 and 9) was found in 17 animals and in many o ther dogs the thymus 
seem ed sm a l le r  than would have been expected in that age of animal; no 
'attempt was made to quantify this change. H yperkeratosis  of the rh lnarium  
was often associated  with a mucopurulent nasal d ischarge.
Mmin^c_opic : M icroscopic pathological changes were invariably
p re sen t  in the lungs of all dogs examined; 4 distinct form s of change 
could be recognised, although not all of these  were necessa r ily  p re sen t  
in any individual dog. The incidence and severity  of these  changes a re  
su m m arised  in Table 5.
The m ost consistent finding was the p resence  of some form of 
bronchitis and, m ore  especially , bronchiolitis . In its m ildest form , 
th is  consisted of focal bronchial and bronchio lar epithelial disorganisation 
and necrosis ; eosinophilic intracytoplasm ic inclusion bodies could, 
occasionally, be found in epithelial cells in such a re a s .  T h e re  was often
25
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som e congestion of vesse ls  in the underlying lamina p ropria  of sncli a reas  
and slight infiltration of macrophages into the epithelium and lumen.
This type of change was designated as "t " in Table 5„ In m ore  severe  
form s ("+ + ") ,  there  was m ore extensive epithelial denudation and 
increased  cellu lar infiltration. In cases designated as "4- + V  there  
was extensive disorganisation and sloughing of the bronchial epithelium 
with infiltration by macrophages and a few polyrnoijjhonuclear leucocytes 
and almost complete loss of the bronch io lar epithelium. In the bronchi 
and la rg e r  bronchioles, vesse ls  in the underlying lamina propria  were 
usually congested and a ce llu lar  in filtra te , composed mainly of lymphocytes 
with some m acrophages and a few p lasm a cells, was p re sen t  in the 
lam ina p ropria  and submucosa, Tn the sm a lle r  bron chic les , there  was 
also infiltration by lymphocytes and macrophages and many m acrophages 
were p resen t  in the surrounding a lveolar a irsp aces .
In dogs in which, histologically, exudative pneumonia was also 
p resen t,  changes in the bronchial t re e  were the m ore  complex and will be 
described with those exudative changes (see below). In 2 dogs (D39 and 
D40) changes in the bronchial t re e  took the form of focal peribronchia l 
and perib ronch io la r  accumulations of lymphocytes with some plasm a cells 
and m acrophages; s im ila r  cellu lar aggregations were also found around 
sm all  venules in the lungs of these  dogs; this change v/as also designated 
as an b ronch itis /b ronch io litis .
Oedema was recognised in a lm ost all the dogs examined. It varied 
in severity  from patchy in tra -a lv eo la r  oedema ("4") to diffuse in tra -  
a lveolar oedema associated  with sev e re  congestion of the a lveolar m ural 
cap illa r ies  and oedema of the perib ronch ia l and p e r iv ascu la r  connective 
t is su e  ("4- + -P ”); in dogs with sev e re  oedema, increased  num bers of 
a lveolar macrophages were usually p re sen t  in the alveoli. Hyaline 
m em branes  were not recognised in the dogs examined.
Changes associated  with an exudative pneumonia were found in a 
total of 18 dogs. In these  animals there  was a m oderate  o r  severe  
bronchitis and bronchiolitis  in which, in addition to the changes 
described  above, th e re  was a polymorphonuclear leucocyte response: the
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lam ina p ro p r ia  was congested and oedematous and polymorphonuclear 
leucocytes as well as mononuclear cells were p resen t in the lamina propria ,  
epithelium and lumen (Fig. 10), In many of these  dogs, bac te ria l  colonies 
could be seen in the luminal exudate and, in sev e ra l  animals (D3, D8, D36,
D42 and D49) b ac te r ia  w ere  found amongst the cilia of rem aining bronchial 
epithelial cells (Fig, 11). Associated with these  changes in the bronchial 
t r e e  were surrounding a reas  of mixed polymorphonuclear leucocyte and 
m acrophage infiltration into the a lveolar a irspaces  (Fig, 10), The a lveo lar 
m ura l capillaries  were  congested and the alveolar walls w ere  slightly, 
thickened as a re su lt  of the p resen ce  of polymorphonuclear leucocytes and 
mononuclear cells vnthin them. In tra-cytoplasm ic  and, occasionally,
In tranuclear bodies could also be found in bronchial and bronchio lar epithelial 
cells (F igs. 11 and 12) and in a lveolar m acrophages.
Exudative pneumonia varied  in severity  from a localised distribution 
around severe ly  affected bronchioles ( ”+") to involvement of a m ajority  
of the lung tis su e  in the sections examined (”+ + +").
The final change which was recognised on histopathological examination 
of the lungs was the p resen ce  of som e degree of a p ro lifera tive  in te rs ti t ia l  
pneumonia. In mild cases ( ”+") th e re  v/as thickening of the a lveolar septae 
by oedema and inc reased  num bers of mainly mononuclear cells while the 
a lveo lar  epithelial cells them selves were hyperplastic  (Fig. 13), In m ore  
sev e re  cases ( '’-f-I-”) th e re  was m ore  m arked  thickening of the alveolar walls 
and m o re  extensive a lveo lar epithelial hyperplasia , the c lass ica l  "epithelialisation" 
lesion of d is tem per; la rge  mononuclear cells , possibly a lveolar m acrophages 
o r  desquamated epithelial cells  w ere  often p resen t  in the a lveolar lumen (Fig, 14).
In the most severe  cases of in te rs ti t ia l  pneumonia ("+ + +’') th e re  
was m arked  thickening of the a lveolar walls, often as a re su lt  of fibrosis; 
the alveoli were lined by thick squamous o r  low cuboidal cells which gave 
the appearance of epithelial p ro liferation  (Fig. 15). The alveolar 
a irsp aces  contained a m ixture  of la rge  cells, again possibly desquamated
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epithelial cells o r  a lveolar macrophages; these cells and the liypcrplastic 
a lveolar lining cells were, not uncommonly, binucleate and, occasionally, 
giant cells were found within the alveoli. Lymphocytes and a few 
polymorphonuclear leucocytes, were also found in the a lveolar iumina 
and a few polymorphonuclear leucocytes were also found in the a lveolar 
lu mina and avails. Eosinophilic intra cytoplasmic and in tranuclear 
inclusion bodies were frequently p resen t  in cells in the alveoli. The 
bronchio lar epithelium in a reas  with sev e re  p ro liferative  in te rs ti t ia l  
pneumonia was often dedifferentiated, having an almost s tra tified  squamous 
appearance. (Fig. 16).
Examination of Table 5 shows that the 4 different histopathological 
changes which were recognised occurred  in a total of 5 different 
combinations.
The most frequently occurring  combination (18 dogs) v/as that of 
b ronchitis /bronchio litis  and pulmonary oedema; the severity  of those 
changes were, in general, fairly closely related  i .e .  severe  diffuse 
pulmonary oedema was normally  associated  with severe  b ronch itis /  
bronchiolitis . Dogs with this combination of m icroscopic  changes had 
m acroscopic  evidence of pulmonary oedema.
B ronchitis /bronchiolitis , oedema and exudative pneumonia were 
found together in a total of 11 dogs; the exudative pneumonic component 
was usually sev e re  (in 10 dogs). M acroscopically, this combination of 
histopathological findings was recognised as exudative pneumonia with 
oedema.
Bronchitis /bronchiolitis , oedema and pro liferative  in te rs ti t ia l  
pneumonia were also found in combination in a total of 11 dogs. In those 
cases in which the p ro lifera tive  in te rs ti t ia l  pneumonia was graded as 
m odera te  or severe  (7 animals), the corresponding m acroscopic  findings 
v/ere oedema and non-exudative pneumonia. Of the 4 dogs in which there  
was only mild, p ro liferative , in te rs t i t ia l  pneumonia, however, only 1 had 
m acroscopically  appreciable pneumonia; in the remaining 3 anim als, 
only pulmonary oedema was recognisable  at post m ortem  examijiation.
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All 4 histopathological changes were found in combination in a 
total of 7 anim als. In all of these  dogs the pro liferative  in te rs tit ia l 
pneumonia was classified  as e ither m oderate  o r  severe , but in only 2 
dogs (D14 and D17) was the p ro lifera tive  in te rs tit ia l  pneumonia 
recognised m acroscopically  as distinct foci of non-exudative pneumonia.
In the rem aining 5 dogs and also in some a reas  of the lungs of D14 and 
D17 the re  was a mixed pneumonic reaction  with components of the 
exudative and p ro lifera tive  in te rs ti t ia l  lesions being p re sen t  in the 
sam e a reas  (Fig. 17); m acroscopically  such mixed a reas  were 
Indistinguishable from the sim ple exudative pneumonia.
The final histological grouping was that which w as 'seen  in D39 and 
D40 in which only a slight bronchitis  and bronchiolitis charac te r ised  by 
focal mononuclear cell accumulations w ere found. Macroscopically, 
the lungs of these  anim als, which had been killed late in the course of 
d isease , had appeared normal; the mononuclear cell accumulations may 
re p re sen t  an end-stage lesion.
In only 1 dog (D28) did the histopathological changes in the lung 
differ from the lesions described above. In D28, multiple foci of 
necrosis  were found throughout the lung substance; in these  necro tic  
a re a s ,  sm all, often in trace llu la r ,  toxoplasma-Tike organism s could be seen; 
between the necrotic  a reas ,  the lung t is su e  was collapsed and oedematous 
with thickening of the a lveolar walls by a mixed cellu lar infiltra te  of 
polymorphonuclear leucocytes and mononuclear cells.
Histopathological changes associated  with CDV infection were also 
p resen t  in other organs examined. T rache itis  was frequently  p resen t and 
the changes associated  with this w ere  usually s im ila r  to those found in 
the bronchial t re e  of the sam e animal. T rache itis  thus varied in 
severity  from focal a reas  of epithelial disorganisation and necrosis  with 
congestion and mononuclear cell infiltration (Fig. 18) to extensive a reas  
of epithelial necrosis ,  sev e re  congestion and oedema of the underlying t issues  
and mixed polymorphonuclear leucocyte and mononuclear cell infiltration.
3  2
Eosinophilic intracytoplasm ic and, occasionally, in tranuclear inclusion 
bodies were found in degenerating trachea l epithelial cells .
In dogs in which b ac te r ia  were  found in the cilia of the bronchial 
epithelium (D3, D8, D38, D42, D49), b ac te r ia  could also be located in 
the cilia of trachea l epithelial cells: a heavy polymorphonuclear 
leucocyte infiltrate  of the lamina p ro p r ia  and epithelium was usually 
associated  v/ith th is  finding. In D39, sm all groups of bac te ria  were 
found sca tte red  in trachea l epithelial cilia; these were associated , in 
this dog; with only slight polymorphonuclear infiltration - the main 
finding was the p resence  of sca t te red  cell aggregations in the lamina 
p ro p r ia  and submucosa, •
Histopathological changes were consistently found in the lymph 
nodes and tonsils of all dogs examined. These changes m ost commonly 
took the form of varying degrees of lymphocytolysis with consequent 
loss  of norm al lymph node and to n s i l la r  s tru c tu re  (F igs. 19 and 20),
Many macrophages were found amongst the disrupted and pyknotic lymphoid 
cells  and the lymphatic sinusoidal lining c e l l s  wmre la rge  and active, often 
containing phagoc^hosed debris . Congestion and sinusoidal oedema were 
frequently p resen t and, in some anim als, polymorphonuclear leucocytes 
w ere  found, in some num bers, in the s inuses and medullary cords.
The m acrophages p re sen t  in the lymph nodes and tonsil were often 
binucleate and, in 6 dogs, multinucleated giant cells were also p resen t 
(F ig . 21). Intracytoplasm ic inclusion bodies were, occasionally, found in 
these  macrophages and in the hyperplastic  sinusoidal lining ce lls .  The 
tons il la r  epithelium was frequently vacuolated and infiltrated by mononuclear 
cells  and polymorphonuclear leucocytes; intracytoplasm ic inclusions could be 
found in tons il la r  epithelial cells (Fig. 22). In a few animals, notably D39 
and D40, lymphocytolysis was not a feature; in these dogs, lymphoid follicular 
hyperplasia  was evident in the cortex and large numbers of p lasm a cells 
were found in the medullary cords.
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In those dogs with clinical neurological disturbances (a total of 17 
animals including D39 and D40) the re  w ere  varying degrees of encephalitis 
mainly involving the hind brain and the a reas  around the ven tricu la r  
sy stem . These a reas  were ch arac te r ised  by demyelination, gliosis and 
p e r iv ascu la r  cuffing by mononuclear cells; eosinophilic in tranuclear 
and in tracytoplasm ic inclusion bodies could be found in cells in the 
affected a re as .
Im m unofluorescence Findings
The resu lts  of im m unofluorescence examination of the lung, tonsil 
and lymph node for CDV antigen a re  p resented  in Table 6. In 43 dogs,
CDV antigen was dem onstrated at all 3 s ites  whilst, in an 
additional 4 dogs, antigen was dem onstrated  at 2 s i te s .  Even at re latively 
low powers of magnification, positive immunofluorescence was distinctive, 
the CDV antigen appearing very bright apple green against the dark, 
unstained, background tis sue  (F ig .23) ; at higher powers of magnification, 
fluorescence was seen to be in tracytoplasm ic and to have a ch arac te r is t ic  
g ranular pattern  (Fig. 24).
In sections from tonsil, individual affected cells could be located 
in the tons il la r  crypts and epithelium (Fig. 23 ) but, in the underlying 
lymphoid t issue , fluorescence tended to occur in groups of cells and was 
often extensive (F ig .23) with a m ajority  of the cells p re sen t  being stained.
In sections from lymph node, extensive a reas  of fluorescence w ere often 
p re sen t  but again, individual fluorescent cells could be located, usually 
in the subcapsular sinus. In the lung, CDV antigen was consistently 
p re sen t  in bronchial and bronchio lar epithelial cells (F ig .24) and was also 
dem onstrated in cells p re sen t  in the a lveolar walls and alveolar a irsp aces .
In only 3 dogs (D21, D39 and D40) was th e re  fa ilure  to dem onstrate  
CDV antigen in lung, tonsil o r lymph node. These 3 dogs were amongst 
those which had been destroyed following the development late  in the 
course  of the d isease  of severe  neurologic d isturbances; fu rther 
immunofluorescence investigations dem onstrated the p resence  of CDV antigen 
in t is su es  taken from the hind bra in  of these  anim als.
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Bacte r io logical Findings
Tl'ie resu lts  of bacterio logical examination of the trachea , bronchus 
and lung substance of each dog a re  shomi in Table 7. The bacteria l 
species  recovered  from  these s ites  were  Bord , bronchiseptica (21 dogs),
E. coli (10 dogs), Staph, spp. (6 dogs), beta-haernolytic s trep tococci 
(3 dogs), non-haemolytic s trep tococci (2 dogs), Proteus sppu (2 dogs) 
and a Mycoplasma spp. (1 dog); in 14 dogs no bac te ria  could be isolated 
from  any of the re sp ira to ry  t ra c t  s ites  examined.
Bord, b ronchiseptica, the organ ism  m ost frequently isolated, was 
found, often in heavy culture, in the bronchus of 21 dogs; in 18 of these  
anim als, Bord, bronchisep tica was the only bacterium  recovered  from 
this s ite .  Bord. bronchlseptica. was recovered  alm ost as frequently, 
in 20 dogs, from the trachea ; at this s ite , it was again often p resen t  in 
heavy culture but in only 13 dogs was it the only m icroorgan ism  p re sen t .  
Bord, bronchiseptica  was found in the lung substance of 16 animals; in 
15 of these  dogs it was p re sen t  in pure  culture but oft:en at this s ite  th e re  
was only very  s p a r se  growth of the o rgan ism .
Of the other m icroorgan ism s recovered , beta-haem olytic  S trep, spp. 
and Proteus spp. were, when isolated, usually p resen t  in la rge  numbers 
and at m ore  than 1 level of the lower re sp ira to ry  t ra c t .  In contrast,
E. coli and Staph, spp. v/ere usually p re sen t  in only sm all numbers and 
w ere often found only in the trachea ; s im ila r ly  the non-haemolytic Strep, 
spp, and the Mycoplasm a sp, w ere  isolated only from the trach ea  and 
again were p resen t in only sm all num bers . As there  was, in some of the 
animals examined in this survey, a lapse of up to 24 h r s .  between death 
and post m ortem  examination, it was possible  that some of the sp a rse  
b ac te r ia l  cultures isolated from  the trach ea  were the re su lt  of post m ortem  
sp read  from the contiguous oropharynx.
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It was considered that the situation prevailing in the live animal 
was m ore  likely to be accurate ly  rep resen ted , in this survey, by the 
re su lts  of examination of the bronchial t re e  and lung substance and 
in Table 8, the pathological findings in the lungs of these  50 dogs 
examined a re  re la ted  to the recovery  of bac te r ia  from these  s i te s .  It 
is apparent, from Table 8, that the p resence  of an exudative pneumonia 
in the dogs with d is tem per was invariably associated  with the p resence  
of b ac te r ia  in the lower re sp ira to ry  t r a c t .  Bord, bronchiseptica was 
the bacterium  most frequently recovered  from  the IB dogs in which 
exudative pneumonia was p resen t;  this bacterium  was isolated from 15 
of these  18 dogs, being p re sen t  in pure  culture in 12, in combination with 
E. coli in 2 and with a beta-haem olytic  s trep tococci in 1. E . _colb a 
staphylococcus and a beta-haem oiytic  streptococcus were each isolated 
in pure  culture from the lower re sp ira to ry  t r a c t  of 1 dog v»?ith exudative 
pneumonia.
Of the 32 animals in which exudative pneumonia was not p resen t,  
bac te r ia  were recovered, from the lower re sp ira to ry  t ra c t  of only 11.
Bord, bronchiseptica was, once again, the bacterium  m ost frequently 
isolated, being p resen t in pure  culture in 6 of these  11 dogs. It may 
be significant that the degree of b ronchitis /bronchio litis  p re sen t in the 
6 dogs from which Bord, bronchiseptica was isolated, was graded as m oderate  
o r  severe  with the exception of D39 in which the pathological changes 
appeared to be la te -s tage  resolving lesions. The other bac te r ia l  species 
recovered  were E. coli from  3 dogs, Proteus sp. from 2 dogs and a 
staphylococcus from 1 dog; the degree of bronchitis /bronchio litis  associated  
with these  bac te r ia  was e ither mild or m oderate .
Bacteriological examination was also c a r r ied  out on sam ples of 
tracheobronchial and re tropharyngeal lymph nodes and palatine tonsils  
taken from each dog. The bac te r ia  recovered  from these  s ites  w ere  
non-haemolytic, alpha- and beta-haem olytic  streptococci, Fasteurella  spp,
E. coli and staphylococci; growth of b ac te r ia  from these  s ites  was never 
heavy, approximately tw o-th irds of the samples examined were
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bactcriologicaliy  s te r i le  and only occasionally was m ore than 1 bac te r ia l  
species recovered  from any individual sam ple. The recovery  of bac te ria  
from these s ites  appeared to be independent of the re sp ira to ry  d isease  
status of the anim als.
4 2
Fig. 1 : Canine distem per - lungs of D14. Dark areas of 
pulmonary oedema (starred) are  visible. Areas of 
exudative pneumonia (open arrow) and non-exudative 
pneumonia (closed arrow) are  also p resen t.
F ig . 2 : Canine distem per - lungs of D14. There is m arked 
oedema (starred) of the apical and diaphragmatic 
lung lobes. An area  of exudative pneumonia in the 
cardiac lobe is surrounded by a dark zone of 
hyperaemla (open arrow ).
(
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Fig. 3 : Canine distem per - tran sv erse  section diaphragmatic 
lung lobe, D14. The cut surface of the lobe has a 
translucent, glassy appearance; frothy oedema 
fluid is visible on the surface.
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Fig. 4 : Canine distem per - lungs of D13. W ell-dem arcated 
areas of exudative pneumonia are p resen t in both 
left and right an terio r lung lobes (arrow s). Pulmonary 
oedema is also evident, particu larly  in the 
diaphragm atic lobes.
F ig . 5 : Canine distem per - apical and cardiac lung lobes, D13. 
Dark areas of exudative pneumonia have a well- 
dem arcated junction (arrow s) with rem aining lung 
tissu e .
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F ig . 6 : Canine distem per - lungs of D20. Patchy, coalescing,
dark areas of exudative pneumonia are  presen t in 
the cardiac and anterioventral diaphragmatic lung 
lobes,
Fig. 7 : Canine distem per - lungs of D14. Areas of non­
exudative pneumonia (arrows) a re  situated at the 
edges of both apical and cardiac lung lobes.
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Fig. 8 : Normal dog - thymus. Tlie thymus of this 6 month 
old, healthy dog can be seen (arrowed) in the 
p reca r dial m ediastinum .
F ig. 9 : Canine distem per - thymic area D14. In this 5
month old dog with canine distem per virus infection 
there  is thymic atrophy. The precard ia l mediastinum 
is thin and transparen t with blood vessels easily 
visible within it (arrow s); no thymic s truc tu re  can be 
distinguished.
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Fig. 10 : Canine distem per - bronchiolitis D49. The bronchiolar 
lumen and the surrounding alveolar a ir  spaces are 
filled by polymorphonuclear leucocytes and m acrophages. 
The bronchiolar epithelium is heavily infiltrated by 
polymorphonuclear leucocytes.
(HE, X 250).
F ig. 11 : Canine distem per - bronchitis D49. The bronchial 
epithelial cells a re  vacuolated and contain many 
intracytoplasm ic inclusion bodies (sm all arrow s).
Small clumps of bacteria  are  visible amongst 
rem aining epithelial cilia (large arrow s). Poly­
m orphonuclear leucocytes and macrophages a re  p resent 
. within the epithelium and in the lumen.
(HE, X 400).
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Fig. 12 : Canine distem per - bronchitis D49. Large numbers 
of bright red  intracytoplasm ic inclusion bodies 
(arrow) can be seen within the bronchial epithelial 
ce lls . Polymorphonuclear leucocytes a re  present 
in the epithelium and in the lumen.
(P. T. I . , X 300)
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Fig. 13 : Canine distem per - p ro liferative in terstitia l 
pneumonia D12. There is alveolar epithelial 
hyperplasia. The alveolar septae contain increased 
numbers of mononuclear cells (arrow) and the 
alveolar a ir  spaces contain a cellular infiltrate of 
large mononuclear cells,
(HE, X 250).
Fig. 14 : Canine distem per - pro liferative in terstitia l
pneumonia D27. Alveolar epithelial hyperplasia 
is p resen t and the alveolar septae a re  markedly 
thickened by oedema and cellular infiltration. Large 
mononuclear cells a re  p resen t in the alveolar a ir  
spaces. Note the apparently desquamating alveolar 
cell (arrow ).
(HE, X 300).
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Fig. 15 : Canine distem per - proliferative in te rs titia l
pneumonia, D50. There is thickening of the alveolar 
walls, partia lly  as a re su lt of fib rosis , Tlie alveoli 
a re  lined by thick squamous and low cuboidal cells 
and large mononuclear cells a re  presen t in the 
a ir  spaces.
(MSB, X 300).
F ig. 16 : Canine distem per - bronchiolitis, D50. The
bronchiolar epithelium in this a rea  of pro liferative 
in te rs titia l pneumonia is hyperplastic and de­
differentiated with, in places, an alm ost stratified  
squamous appearance. Note the binucleate cell 
(sm all arrow ). The adjacent alveolar epithelium is 
also hyperplastic (large arrow ).
(HE, X 250).
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Fig. 17 : Canine distem per - mixed pneumonia, D30. At
the top left of this photomicrograph is a proliferative 
in te rs titia l pneumonia with alveolar epithelial 
hyperplasia; at the bottom right, the pneumonic 
reaction is characterised  by exudation of 
polymorphonuclear leucocytes into the alveolar 
a ir  spaces. A mixed reaction is evident centrally.
(HE, X 250),
F ig. 18 : Canine distem per - tracheitis , D12. There is 
vacuolation, disorganisation and necrosis of the 
tracheal epithelium. An intracytoplasm ic inclusion 
body is presen t in a degenerate epithelial cell (arrow ).
(HE, X 250).
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Fig, 19 : Normal dog » tonsil. A dense population of cells is
p resen t beneath the tonsillar epithelium and a number 
of germ inal follicles can be seen.
(HE, X 35).
Fig. 20 : Canine distem per - tonsil. There has been extensive 
lymphocytolysis and the tonsil consequently appears 
depleted of ce lls. No germ inal follicles a re  p resen t.
(HE, X 35).
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Fig. 21 : Canine distem per - tonsil. The cell population is 
composed predominantly of macrophages and 
polymorphonuclear leucocytes; a number of 
inultinucleate giant cells a re  p resen t.
(HE, X 250).
Fig. 22 : Canine distem per - tonsil. The tonsillar epithelial 
cells a re  vacuolated and a number of 
intracytoplasm ic inclusion bodies a re  visible (arrow),
(HE, X 400).
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Fig. 23 : Canine distem per - Immunofluorescence in tonsil.
Individual, positively-stained cells a re  p resent in 
the tonsillar crypt and epithelium (arrow s). Large 
numbers of positively stained cells a re  p resen t 
in the subepithelial lymphoid tissue .
(F luorescent antibody, x 200).
F ig, 24 : Canine distem per - Immunofluorescence in bronchus. 
Canine distem per virus antigen is p resen t in most 
of the epithelial cells of this sm all bronchus. The 
positive fluorescence has a distinctive granular 
appearance.
(F luorescent antibody, x 400).
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SECTION 4 : A SURVEY OF DOGS WITH CONTAGIOUS RESPIRATORY DISEASE 
Survey Design
The object of this survey was to investigate the incidence and nature  
of bac te r ia l  involvement in the aetiology and pathogenesis of contagious 
re sp ira to ry  d isease  in a group of dogs.
A total of 35 dogs (Ml-MSS) w ere obtained, as described in Section 2, 
from  a la rge  kennel housing s tray  anim als. General background data on 
these  ajunials a re  p resen ted  Table 9: c ro s s -b re d  dogs formed a high 
proportion (21 out of 35) of the dogs examined whilst a m ajority  were 
young animals - e ither young adults (17 dogs) or puppies (8 dogs). The 
ra tio  of m ale to female animals was approximately 2 : 1 .
Each dog was submitted to a full post m ortem  examination at which 
sam ples were taken for histopathological examination, immunofluorescence 
examination for CDV and CAV antigens and for bacterio logical and 
v irological investigations.
Pathological Findings
992.^5 ' post m ortem  examination significant pathological 
changes were found in the re sp ira to ry  t r a c t  and associated  s tru c tu re s  of 
many of the dogs examined.
Within the re sp ira to ry  t ra c t  2 changes were frequently recognised.
The f i r s t  was tracheobronchitis  ch arac te r ised  by congestion of the 
trachea l and bronchial mucosae and the p resence , in the lumen of the 
tracheobronchial t re e ,  of a mucous o r  mucopurulent exudate. The 
second was the p resence  of patchy, often coaleschig, foci of exudative 
pneumonia, in the apical, card iac  an d /o r  an te r io r  regions of the 
d iaphragmatic lobes. These  foci w ere  reddish-brown in colour, firm  
in consistency and, on section, fluid, often purulent in nature, could 
be expressed  from the bronchial t r e e  and the cut surface  of the lung 
substance. T racheobronchitis  was recognised in a total of 15 dogs in 
6 of which exudative pneunionia was also p resen t  (Table 10).
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In 2 dogs (Ml land M l4) there  was diffuse pulmonary oedema which 
was associated  in one animal (M il)  with tracheobronchitis; in a fu r ther 
2 animals (MIO and M l3) petechiae were found sca tte red  over the p leura l 
su rface  of all the lung lobes. In 17 dogs no abnorm alities could be 
detected in the tracheobronch ia l t r e e  of lung substance.
In the m ajority  of those dogs in which tracheobronchitis  was 
recognised the re  was enlargem ent, up to twice norm al s ize , and congestion 
of the palatine tonsils  and bronchial and re tropharyngeal lymph nodes; 
s im i la r  changes were found, although less  consistently, in dogs without 
tracheobronchitis  r
Microscopic; On h isto logical examination, the main findings were 
varying degrees of tracheobronchitis  and exudative pneumonia; these 
lesions were p re sen t  e ithe r  individually o r  in combination in all dogs with 
m acroscop ic  changes and in 9 of the 17 dogs in which no m acroscopic  
change had been detected (Table 11).
Tracheobronchitis  was p re sen t  in 27 of the 35 dogs examined; this 
varied  in severity  and the trachea  and bronchial t r e e  in the sam e animal 
w ere  not necessa r ily  affected to the sam e degree (Table 11). Two 
d istinct types of change were recognisable .
The f i r s t  change, seen  in 12 dogs (M5, M7, MIO, Ml 3, M l4, M l5, 
M17, M l8, M32, M23, M25 and M34). consisted of focal epithelial 
degeneration and necrosis  (F ig. 25). T here  was vacuolation and pyknosis 
of the epithelial cells with loss of the ir  norm al pseudostra tified  organisation 
and som etim es almost complete breakdown of the epithelium. Reaction 
in the underlying lamina p r o p r ia ‘was lim ited to congestion and slight 
cellu lar infiltration by lymphocytes and m acrophages. These lesions 
occu rred  as sm all,  sca t te red  foci ("+") and as m ore frequent and extensive, 
coalescing a reas  ( ”h- T") although even in these  la t te r  cases th e re  was 
s t i l l  apparently norm al epithelium p resen t  in o ther a re a s .
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In the rem aining 15 dogs with tracheobronchitis ,  th e re  was 
congestion and oedema of the lam ina p ro p r ia  which contained a ce llu lar  
infiltra te  composed of polym orphonuclear leucocytes, lymphocytes and 
som e m acrophages. The epithelium was also infiltrated by polyiuorpho- 
nuclear leucocytes and was d isorganised in severely  affected a re a s .  A 
mucopurulent exudate was usually p re sen t  in the lumen. In cases 
designated as "+ + +" trach e it is  o r  bronchitis , the re  were a reas  of 
epithelial denudation. In 4 dogs (M4, M22, M27 and M33) clumps of 
b ac te r ia  were visible amid the cilia of the tracheobronchial epithelium (Fig. 26). 
In the 2 dogs with oedema (M il  and M14) eosinophilic Intracytoplasm ic 
inclusion bodies, ch arac te r is t ic  of CDV infection, were found in the 
bronchial epithelial ce lls .  In 1 animal (M3) an aged T e r r i e r  c ro s s -b red  
dog, certain  of the morphological ch a rac te r is t ic s  of chronic bronchitis 
were also found in the bronchial t r e e  i . e .  apparent increase  in the volume 
of the bronchial mucous glands and extension of mucous glands to the 
bronchio lar level.
In 9 dogs th e re  was an exudative pneumonia. This was ch arac te r ised  
by a lveolar m ura l capillary  congestion and exudation of fluid, polymorpho­
nuclear leucocytes and m acrophages into the a lveolar a i rsp aces .  In som e 
dogs, exudative pneumonia tv as re s t r ic te d  in distribution to a reas  around 
affected bronchioles, designated in o thers  it was m ore  sev e re  and
in 1 dog (M2), designated "T T +", m ost of the lung t is su e  in sections 
taken from the an te r io r  lung lobes was affected.
In dogs M il  and M l4 th e re  was patchy in tra -a lveo la r  oedema, 
assoc iated  with a lveolar capillary  congestion, whilst in MIO and M l3 
sca tte red  a reas  of intra a lveolar haem orrhage was found. In 8 dogs 
(M6, M l6, M24, M26, M28, M30, M31 and M35) no abnorm alities were 
detected in any p a r t  of the re sp ira to ry  t r a c t  on histopathological examination.
The bronchial and re tropharyngeal lymph nodes of many of the dogs 
examined appeared reactive  : lymphoid follicular hyiDcrplasia was p resen t 
in many animals and la rge  num bers of p lasm a cells were found in the 
m edullary cords. In addition, in some anim als, these lymph nodes were
congested and polymorphonuclear leucocytes were identified in the 
afferent lymphatic vesse ls  and the m edullary s inuses . In the palatine 
tonsils , the epithelium was often vacuolated and heavily infiltrated 
by polymorphonuclear leucocytes and macrophages; lymphoid follicular 
hyperplasia  was also evident in som e dogs and severe  congestion was 
commonly p resen t.
In 2 dogs (M il  and M14) the main finding in the lymph nodes and 
tonsils was lymphocjnolysis with loss  of norm al follicular s t ru c tu re .
Immunofluorescence Findings
CDV antigen was dem onstrated  by immunofluorescence examination 
in 12 of 35 dogs examined (Table 12). In only 2 dogs (M il ,  M l4) was 
antigen detected at all 3 s ites  examined i . e .  the lung, palatine tonsil 
and re tropharyngeal lymph node. In the rem aining 10 dogs, antigen was 
found only in the tonsil an d /o r  re tropharyngeal lymph node : in the tonsil, 
positive fluorescence was re s tr ic ted  to sca tte red  individual cells , often 
located in the tons il la r  epithelium except in 1 dog (M l6) in which a 
sm all focus of fluorescent cells was also found in the to n s i l la r  substance; 
in the re tropharyngeal lymph node, positive fluorescence w^ as also found 
in sca t te red  individual ce lls .
In Table .13, the instance and nature  of pathological changes in the 
re sp ira to ry  t ra c t  a re  re la ted  to the detection of CDV antigen. Antigen 
was dem onstrated in the tonsil and lymph node of dogs whether o r  not 
the resp ira tory  t ra c t  pathology was also p resen t.  It may, however, be 
significant that in both those dogs in which diffuse pulmonary oedema 
was recorded. CDV antigen was detected in the lungs.
Immunofluorescence examinations of s im ila r  sam ples for CAV 
antigen were consistently negative except in 1 dog (M9), in which positive 
in tranuc lear fluorescence was* detected in a.few cells in the tonsilla r  
epithelium. CAV antigen was not detected at any other s ite  examined in 
this dog.
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Bactcr iological F indings
The re su lts  of bacterio logical examination of the trachea , bronchial 
t r e e  and lung substance of each of the dogs in this survey a re  presented  
in Tshle 14.
Bacteria were recovered  from  1 or m ore  of the 3 s i te s  examined 
in 15 dogs. The most frequently isolated bacterium  was Bord„ bronchiseptica 
which was found,’ in pure  culture in the trachea  and bronchial t re e  of 11 
dogs; in 3 of these  anim als, this organism  was also isolated from the 
lung substance.
Pasteur  ell a m ultocida, P ro teus s p . , E. coli and an alpha-ha ernolytic 
S trep , sp. were each isolated from dogs M2, M l8, M3 and MS respective ly . 
Only Pasteurella  multocida v^as p re sen t  at ail 3 levels examined; the 
Proteus sp, was recovered  from both trachea  and bronchus but the other 
two m icroorgan ism s were p re sen t  only in the trachea . In 20 dogs all 
3 s i te s  sampled w ere bacterio loglcally  s t e r h e .
The sam ples of bronchial and re tropharyngeal lymph nodes examined 
by bacterio logical techniques w ere, in general, s te r i le .  In a few anim als, 
however, sm all  numbers of b ac te r ia  were isolated, usually from the 
re tropharyngeal lymph nodes; non-haemolytic and alpha-haemolytic 
s trep tococci, Ë. coli, a. Pasteu re l l a - like organism  and, in 2 cases 
Bord, b ro nchisep t ica were all recovered  from individual sam ples.
Bacteria were also isolated, although m ore  frequently, from the palatine 
tonsils; the species recovered  were s im ila r  to those found in the lymph 
node sam ples except that Bord, bronchiseptica  was not isolated from this 
s i te  and beta-haem olytic  s trep tococci were also p resen t.
In Table 3 5, the recovery  of bac te r ia  from the lower re sp ira to ry  
t ra c t  is re la ted  to the p resence  of histopathological changes within it.
It is notable that b ac te r ia  were not recovered  from any of those dogs in 
which no m icroscopic  abnorm alities  were detected althougii bac te ria  were 
p resen t  in over half of those dogs with re s p ira to ry  t ra c t  pathology. In 
p a r t icu la r ,  b ac te r ia  were recovered  from 7 of the 9 dogs in which exudative 
pneumonia was recorded .
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Virological F indings
Virological investigations of the lung lobes taken from  each animal 
at necropsy  resu lted  in the isolation of an haem adsorbhig agent from a 
num ber of dogs (Table 16). This agent was identified as a canine 
parainfluenza SV~5 virus (Cornwell et a l . , 1976). The v irus  was 
recovered  from 10 of the 35 dogs examined. In Table 16, the recovery  
of SV~5 is re la ted  to m icroscopica l changes in the lungs. SV-5 v/as 
p resen t  in only 1 dog in which no histological evidence of re sp ira to ry  
d isease  was found but it was recovered  from 9 of the 27 in which m icroscopic  
changes were p resen t in the re sp ira to ry  t r a c t .  In both dogs (MIO and M l3) 
in which in tra -a lv eo la r  haem orrhage  was recorded , SV-5 virus was 
isolated from the lungs.
Combined F indin gs
In Table 17 a re  p resen ted  the combined re su lts  of the m icroscopica l, 
immunofluorescence, bacterio logical and virological examinations ca r r ie d  
out on sam ples taken from the 35 dogs examined in this survey.
Of the 8 dogs in which no histological evidence of re sp ira to ry  d isease  
was found SV-5 virus was isolated from  1 and CDV antigen was detected 
In 2 dogs,
Histopathological evidence of re sp ira to ry  d isease  was found in the 
lower re sp ira to ry  t ra c t  of 27 dogs and a number of m icroorgan ism s were 
detected e ither alone o r  in combination, in samples taken from  these dogs. 
The bacte rium  Bord, bronch isep tica was the m icroorgan ism  m ost frequently 
recovered  on its own from dogs with re sp ira to ry  d isease  (from 7 dogs);
SV-5 virus (3 dogs), CDV (2 dogs), CAV (1 dog) E. coli (1 dog) and a 
Proteus sp. (1 d o ^  were also dem onstrated , in the absence of other 
microbiological agents, from dogs with re sp ira to ry  d isease . Combinations 
of different m icroorgan ism s w ere also detected in dogs with re sp ira to ry  
d isease . The m ost frequent combinations were those of Bord, bronchiseptica 
with CDV (3 dogs) and SV-5 v irus  with CDV (3 dogs). In 3 animals with 
re sp ira to ry  d isease  no known m icrobiological agent was detected in any 
of the sam ples examined.
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Fig. 25 : Kennel cough - tracheitis , M7, There is vacuolation 
and disorganisation of the tracheal epithelium.
(HE, X 400).
F ig . 26 : Kennel cough - tracheitis , M27. M asses of
bacteria (arrow) are presen t in the cilia of the 
tracheal epithelium which is infiltrated by a number 
of polymorphonuclear leucocytes.
(HE, X 400).
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Se c t i o n  5 : d i s c u s s io n
The surveys described in Sections 3 and 4 were undertaken in an 
attempt to establish  the incidence, na tu re  and significance of bacte ria l  
involvement in the 2 m ajo r clinical re sp ira to ry  d isease  syndrom es of 
the dog i , e .  canine d is tem per and kennel cough.
Because of the difficulties which may a r ise  in evaluating the 
significance of bac te r ia l  iso la tes  from the upper re sp ira to ry  t r a c t ,  with 
its norm al, widely varittble com m ensal flora, it was decided, in both 
the above surveys, to lim it bacterio logical examination of the re sp ira to ry  
t ra c t  to sampling of those lower levels i . e .  trachea , bronchial t re e  and 
lung parenchym a, where b ac te r ia  a re  not normally p resen t; this also 
reduced the possibility , always p re sen t  in sam ples taken from the upper 
re sp ira to ry  t ra c t ,  of overgrowth of significant m icroorgan ism s by norm al 
commensal inhabitants. Bacteriological examination of the lower re sp ira to ry  
t r a c t  s ites  also allowed d irec t  com parison to be made between the isolation 
of b ac te r ia  from these  s ites  and the p re sen ce  in the lower re sp ira to ry  t ra c t  
of pathological changes likely to re su lt  in significant clinical re sp ira to ry  
d isease .
In the survey of dogs with d is tem per, all 50 of which had pathological 
evidence of re sp ira to ry  d isease , b ac te r ia  were isolated from the lower 
r e s p i r a to ry  t ra c t  of 36 anim als; in the survey  of dogs taken from a 
population in which contagious re sp ira to ry  disease  of the kennel cough type 
was known to exist, b ac te r ia  were recovered  from the lower re sp ira to iy  
t r a c t  of 15 of the 27 animals with pathological evidence of re sp ira to ry  d isease . 
In both surveys, the re fo re , the incidence of bacte ria l infection in dogs with 
pathological evidence of re sp ira to ry  d isease  exceeded 50%. These resu lts  
in d iseased  dogs form a m arked con trast both to the s te r i l i ty  which, it is 
generally  accepted, exists  in the lower re sp ira to ry  t r a c t  of the norm al dog 
and to the absence of b ac te r ia  from the lower re sp ira to ry  t ra c t  of all those 
8 dogs, examined in Section 4, in which neither m acroscopic  nor m icroscopic  
evidence of re sp ira to ry  d isease  could be found.
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In both surveys, only a lim ited number of bacte ria l  species were 
recovered  from the lower re sp ira to ry  t r a c t  of diseased dogs : Bord, 
bronchisoptica, E. co li , Staph. s p p . , Strep, s p p . , Pro teus spp. and a 
m ycoplasm a-like  organism  from dogs with distem per; Bord, bronchis optica
Pasteurella  multocidn, E. co li , a Strep , sp. and a Proteus sp. from dogs 
with kennel cough type re sp ira to ry  disease., In addition, only 1 or 2 
b ac te r ia l  species were recovered  from  the lower re sp ira to ry  t ra c t  of any 
individual animal, a situation distinct from that in the upper re sp ira to ry  
t ra c t ,  where a multiplicity of b a c te r ia l  species is known to ex ist .  All 
except lo f  the bac te r ia l  species  p re sen t  in the lower re sp ira to ry  t r a c t  of 
diseased dogs a re  amongst those which have been regularly  recovered  
from the upper re sp ira to ry  t r a c t  of healthy animals; the exception,
Bord, bronch isep tica, was, however, the single most frequently isolated 
bacterium  in both the d is tem per survey, where it was found in 21/50 
dogs, and in the kennel cough type d isease  survey where it was p resen t 
in 11/35 dogs.
It appears , the re fo re , that the m icro flo ra  of the lower re sp ira to ry  
t r a c t  in dogs with canine d is tem per and kennel cough differs significantly 
from that which previous investigators  have found to occur in the 
re sp ira to ry  t r a c t  of dogs without re sp ira to ry  d isease . The significance 
of the m icroflo ra  p resen t  in the lower re sp ira to ry  t r a c t  of dogs v;ith 
re sp ira to ry  d isease  can, however, be fully evaluated only when the re su lts  
of the o ther investigations c a r r ie d  out in the d is tem per and kennel cough 
surveys a re  also considered.
In the survey of dogs with canine d is tem per, dogs were killed and 
examined at various s tages  of the d isease  p ro c e ss .  In all cases, the 
clinical diagnosis could be confirmed by immunofluorescence examination 
although, in a few late  s tage cases, CDV antigen could be located only in 
the b ra in . The m acroscop ic  and m icroscopic  pathological findings in 
organs o ther than those of the re sp ira to ry  t ra c t  were  s im ila r ,  in all 50 dogs 
examined, to those which have been described by previous investigators.
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The m acroscopic  and m icroscopic  pathological findings in the lungs 
of those dogs in which b a c te r ia  were not recovered  from the lower re sp ira to ry  
t ra c t  were also s im ila r  to those which have been described by o ther authors 
(Lauder et al. 1954b; W atrach, 1958; Jubb and Kennedy, 1970). In alm ost 
all dogs the re  was bronchitis and, m ore  especially, bronchiolitis  with in tra -  
a lveolar oedema; in som e dogs th e re  was, in addition, an in te rs ti t ia l  
pneumonia charac te r ised  by hyperplasia  of the a lveolar epithelial cells; in 
the few late stage cases, the re  was p e rs is ten ce  of foci of lymphocytes 
and macrophages in perib ronch ia l and p e r iv a scu la r  t is su e s .
In those dogs with d is tem per in which bacte ria  were recovered  from 
the lower re sp ira to ry  t ra c t ,  the sam e pathological changes described in 
dogs without b ac te r ia  could be found in som e a reas  of the lungs, but, in 
many cases, the re  were also a re a s  of exudative pneumonia with m oderate  
o r  severe , acute, purulent bronchitis  and bronchiolitis with m assive  
infiltration of polymorphonuclear leukocytes into the surrounding alveolar 
a i r sp ac e s .  These exudative pneumonic changes were seen both in dogs 
in which only bronchiolitis  and oedema were otherwise p re sen t  and 
in dogs in which p ro lifera tive  in te rs t i t ia l  pneumonia was found; these 
exudative changes were invariably associated  with the p resence  of bacte ria , 
usually Bord, bronchiseptica, in the bronchial t re e  and lung parenchym a.
In those animals without exudative pneumonia in which b ac te r ia  were 
isolated from the lower re sp ira to ry  t r a c t  th e re  was usually a sev e re  
bronchitis and bronchiolitis  with som e degree of polymorphonuclear leucocyte 
infiltration into the bronchial t r e e .  The bacterium  Bord , bronchis eptica 
was also isolated from the bronchial t re e  of 1 dog with late  stage, resolving 
bronchitis  and bronchiolitis .
It would, therefo re , appear that bac te r ia l  infection of the lower 
re sp ira to ry  t ra c t  may occur at any stage in the course of canine d is tem per 
and is associated  with exacerbation of the bronchitis and bronchiolitis  
p re sen t  in the p r im ary  v ira l  infection with p rogress ion , in som e cases , to 
an exudative bronchopneumonia. Although bac te ria  recognised as norm al 
com m ensal inhabitants of the upper re sp ira to ry  t ra c t  were occasionally 
isolated, the organism  most often associated  with bac te r ia l  infection of the
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lower re sp ira to iy  t r a c t  was Bord, bronchis eptica, a finding which is 
of course, consistent with the re su lt  obtained by the early  investigators 
of canine d is tem per (F e r ry ,  1911; McGowan, 1911; T o rrey  and Rahe,
1913). Bord, bronchiseptica did not, however, appear to be p re sen t  in 
the re sp ira to ry  t ra c t  of dogs with d is tem per in Glasgow 20 years  ago 
(Lauder et aL, 1954a and b); it may be that the failure of these  w orkers 
to isolate  the organism  was a re su lt  of th e ir  method of sampling. In 
the p re sen t  survey, Bord, bronchiseptica  could be isolated, when p resen t,  
in la rg e  numbers from the bronchial t re e  and also, though in sm a l le r  
num bers, from pneumonic lung parenchyma; failure to examine both 
these  specific s ites  may easily  re su lt  in failure to detect the bacterium .
One of the e a r l ie s t  rep o r ts  of the histopathological fea tu res  of 
canine d is tem per (Rhea, 1913) desc ribes  the presence  of la rg e  numbers 
of bac te r ia  in the cilia of the tracheobronchial epithelium in dogs from 
which the m icroorgan ism , Bacterium bronchisepticium  had been isolated.
It is, therefo re , of p a r t ic u la r  note that bac te r ia  were seen in the 
tracheobronchial cilia of 5 dogs in the p resen t  survey and that in all 
5 Bord, bronchiseptica (alias Bacterium bronchis epticium) was isolated 
in pu re  culture from the tracheobronchial t re e .
In the survey of dogs from  a population vnth contagious re sp ira to ry  
d isease  of the kennel cough type, th e re  was a v/ide range in the severity  
of pathological changes in the re sp ira to ry  t ra c ts  of the dogs examined.
In dogs in which th e re  was evidence of re sp ira to ry  d isease , this took the 
form of some degree of tracheobronchitis  with or without an exudative 
pneumonia; in these dogs a num ber of different microbiological agents 
w ere identified, both alone and in combination.
T hree  different v ira l agents were identified in dogs with re sp ira to ry  
d isease . Small amounts of CAV antigen were identified by immunofluorescence 
in the tonsil of 1 dog (M9) in which th e re  was mild bronchitis  and early  
exudative pneumonia. Both CAV-1 and CAV-2 have been shov/n capable of 
causing re sp ira to ry  d isease  in the dog; however, antigen was not
dem onstrable  by im m unofluorescence examination in the lung of this dog.
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nor did histopathological. examination reveal any of the ch arac te r is t ic  
basophilic in tranuc lear inclusion bodies associated  with canine adenovirus 
infection at any level of the re sp ira to ry  t ra c t .  The role of CAV in the 
pathogenesis of the re sp ira to iy  d isease  found in this individual animal 
is ,  the re fo re , unc lear . It appears  certa in , however, that CAV did not 
play a m ajo r ro le  in re sp ira to ry  d isease  syndrome seen  in the m ore  
general population under examination in this survey.
The virus most frec|uently identified in this survey was CDV which 
was p re sen t  in 10 of the 27 dogs with re sp ira to ry  disease . In 2 of these  
anim als, CDV appeared to be the p r im ary  cause of the re sp ira to ry  d isease  : 
antigen was p re sen t  in the lungs and in these  dogs (Ml 1 and M14) 
histopathological features ch a rac te r is t ic  of CDV associated  d isease  were 
p resen t both in the re sp ira to ry  t r a c t  and in the lymph nodes and tonsil.
In the rem aining 8 animals and, indeed, in 2 animals in which no evidence 
of re sp ira to ry  disease  was found, CDV antigen was p re sen t  in only sm all 
amounts in the tonsils  an d /o r  re tropharyngeal lymph node and th e re  were 
no histopathological changes specifically  associated  with CDV in e ither 
the re sp ira to ry  t ra c t  o r  the o ther organs 'exam ined . The immunofluorescence 
appearance in these dogs was s im ila r  to that which has been described in 
the few days immediately following experim ental aerosol infection with 
CDV (Appel, 1969) and it may be that these  sm all amounts of antigen a re  
assoc ia ted  with naturally  occurring  v irus  challenge from dogs (such as M il  and 
M l4) with flagrant CDV infections; whether these  dogs would, in turn , 
have developed flagrant CDV infection would have depended on the ir  
individual immune sta tus, hopefully high as a resu lt  of the vaccination 
policy adopted at this p a r t ic u la r  kennel. It seem s unlikely that the sm all 
amounts of d is tem per antigen p re sen t  in these  animals was the only, or 
even the p r im ary , cause of the som etim es severe  re sp ira to ry  d isease  
from which they were suffering at the tim e of death.
The th ird  v irus detected in the dogs in this survey was canine 
parainfluenza virus SV5 which was recovered  from the lungs of 9 dogs 
with re sp ira to ry  d isease  and from 1 apparently norm al animal. Canine 
parainfluenza virus SV5 has been considered to be one of the main
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aetiological agents of the kennel cough syndrome in the United States
s ince its initial isolation in that countiy (Binn et a i . , 1967), but until
the p resen t  investigations, the v irus had not been isolated from dogs
with re sp ira to ry  d isease  in G reat Britain. In dogs from which SV5
virus was isolated in this survey, the re  was, in general, mild to m oderate
tracheobronchitis; in 2 dogs (M2 and M8), the re  v/as severe  tracheobronchitis
with exudative pneumonia but b ac te r ia  were also p resen t in the lower
re sp ira to ry  t r a c t  of these  dogs; in 2 dogs (MIO and M13 in v/hich CDV
was also p resen t,  although not in the lung), there  was petechiation of
the lungs at post m ortem  examination, a finding which has been recorded
in experim ental SV5 infection in the dog (Appel and Percy, 1970),
Since SV5 virus has been shown capable, experimentally, of 
producing re sp ira to ry  d isease  in the dog and since the virus was isolated 
in the absence of other m icrob ia l agents from the lungs of at leas t  3 dogs 
(M7, M21 and M25) with re sp ira to ry  d isease , it is likely that this v irus 
was involved, to some extent, in the pathogenesis of the re sp ira to ry  d isease  
syndrom e in the population of dogs under examination. In experim ental 
SV5 virus infection (Appel and Percy, 1970) it was found that v irus could 
not be recovered  from the lungs for longer than 9 days post-infection 
although both clinical and pathological evidence of re sp ira to ry  disease  
p e rs is te d  a fte r  this tim e. It is possible, therefore , that the incidence of 
SV5 involvement in this survey was, in fact, g rea te r  than wa.s revealed 
by the virus isolation techniques employed, since dogs infected early  in 
th e ir  stay in the kennels could, theore tically , have shed infection by the 
tim e of death.
Bacteria  were isolated from the lower re sp ira to ry  t ra c t  of 15 dogs 
with re sp ira to iy  d isease  whether o r  not v iruses  were also p resen t in these  
an im als. In general, the p resen ce  of b ac te r ia  in the lower re sp ira to ry  
t r a c t  was associated  with a m ore  sev e re  re sp ira to ry  d isease  than was 
found when the lower re sp ira to ry  t ra c t  was bacteriologically  s te r i le ;  in 
p a r t icu la r ,  the p resen ce  of exudative pneumonia was alm ost invariably 
associated  with the p resence  of bac te r ia  in the lower re sp ira to ry  t r a c t .
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Bord, b ronchis eptica appears to be the m ost significant bac te r ia l  
iso late  in this survey. It was recovered  in la rge  num bers, and in pure  
culture, from m ore than 1 level of the lower re sp ira to ry  t ra c t  in 11 
anim als, many of which had sev e re  tracheobronchitis  and 5 of which 
also had an exudative pneumonia. M oreover, in 7 of these  dogs,
Bord, bronchiseptica  was the only m icrob ia l agent which could be detected 
in these  anim als.
Of the rem aining b ac te r ia l  iso la tes , P as teu re lla m ultocida , a 
m icroorgan ism  widely recognised as a potential pathogen, was p resen t 
in heavy, pure culture throughout the lower re sp ira to ry  t r a c t  of 1 dog 
with sev e re  re sp ira to ry  d isease  and is likely to have been involved in that 
d isease  pathogenesis; E. co li, the alpha-haemolytic S trep . sp. and the 
Proteus s p . , however, a re  recognised commensals in the canine upper 
re sp ira to ry  t ra c t  and seem  unlikely to be of m ajo r significance in the 
pathogenesis of the re sp ira to ry  d isease  with which they were associated  
s ince  they were p re sen t  in only sm all num bers in the trachea  and, in 1 dog, 
the bronchus.
It is apparent that the  aetiology of the contagious re sp ira to ry  d isease  
syndrom e p resen t  in the population examined in this survey is complex.
Indeed, it is possib le  that the aetiology in these  dogs is even m ore  complex 
than would appear from the re su lts  obtained : in 3 dogs with re sp ira to ry  
d isease , no known m icrobia l agent, was isolated ; it may be that, an as 
yet unknown, fastidious re sp ira to ry  t ra c t  pathogen rem ains undetected in 
these  anim als.
Nonetheless, the re su lts  obtained in this survey did provide some 
insight into the aotiolog)^ and pathogenesis of the re sp ira to ry  d isease  
syndrome in this population. Known re sp ira to ry  v ira l  pathogens were 
detected in some cases , but it is of note that the p resence  of severe  
tracheobronchitis  and exudative pneumonia was usually associated  with 
b ac te r ia l  infection of the normally s te r i le  lower re sp ira to ry  t r a c t .  The 
organism  m ost frequently associated  with such infection was l ^ r d .  bronchis opt ica_ 
and, in some cases  of severe  re sp ira to ry  d isease , this bacterium  was the 
only detectable m icroorganism  in the re sp ira to ry  t ra c t .
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In sum m ary , in both canine d is tem per and contagious canine 
re sp ira to ry  d isease  of the kennel cough type, the m icro flo ra  of the lower 
re sp ira to ry  t r a c t  differs from that found in dogs without re sp ira to ry  disease,. 
M oreover, b ac te r ia l  infection of the lower re sp ira to ry  t ra c t  re su lts ,  in 
canine d is tem per, in exacerbation of the d isease  p ic tu re  p resen t in the 
uncomplicated v ira l  infection whilst, in kennel cough, it is associated  with 
a m ore  seve re  pathological d isease  than is generally found in dogs in which 
the lower re sp ira to ry  t ra c t  is bacteriologically  s te r i le .  In both surveys, 
b ac te r ia l  infection of the lower re sp ira to ry  t ra c t  was occasionally caused 
by organism s recognised as norm al com m ensal inhabitants of the upper 
re sp ira to ry  t ra c t  but in the m ajority  of cases it was due to Bord, b ronchiseptica 
a bacterium  tvhich has, in the past ,  been isolated in o ther outbreaks of 
re sp ira to ry  d isease .
It appears , the re fo re , that bac te r ia ,  in particuiaj- Bord, bronchiseptica  , 
a re  of significance in the pathogenesis of the 2 m ajo r re sp ira to ry  disease  
syndrom es of the dog. In canine d is tem per, the ro le  of bacteria, appears 
to be that of secondary invaders complicating p r im ary  v ira l  damage to the 
re sp ira to ry  t r a c t  in anim als which a re  probably im m unosoppressed as a 
re su l t  of v ira l  insult of the lymphoid sys tem . In kennel cough, bac te r ia  
did occu r  in dogs in which known v ira l  re sp ira to ry  pathogens were 
p resen t;  how^ever, Bord, bronchiseptica  v/as associated  with resp ira to îw  
d isease  in dogs in which no known canine virus was detected and it seem s 
possib le  that this bacterium  might play a p r im ary  role, in aetiology of 
such d isease .
PART I I : PATHOGENESIS OF CANINE BORDETELLOSÏS
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SECTION 1. INTRODUCTION AND REVIEW OF THE LITERATURE
The bacterium  now recognised as Bori^teUa b ronchiseptica  was 
f i r s t  isolated and described  by F e r ry  (1910, 1911) in the United States 
during his investigations of canine d is tem per; from its common s ite  of 
occurrence  he named it Bacillus b ronch ican is . In 1912, a f te r  fu rther 
work, involving o ther animal spec ies . F e r r y  renam ed his bacterium  
Bacillus bronchisepticus. Organism s s im ila r  to Bacillus bronchisepticus 
had previously been recovered  from dogs with d istem per (L ignieres , 1901) 
and from the re sp ira to ry  t r a c t  of guineapigs (Tartakowsky, 1897-8;
M artini, 1900; Selter, 1906).
McGowan (1911), working independently in Edinburgh, also found 
Bacillus bronchis epticus in the bronchial t r e e  of dogs with canine d is tem per 
and, like F e rry ,  considered it the causal agent of the d isease . In the 
succeeding twenty y e a rs ,  the organism  was repeatedly isolated from dogs 
with d is tem per (T orrey  and Rahe, 1913; Schoichi, 1923; Hardenberg, 1925; 
Schilingman, 1932) but the dem onstration by Laidlaw and Dunkin (1926) of 
the p r im ary  v ira l  aetiology of canine d is tem per resu lted  in the relegation 
of Bord, bronchiseptica  to the ro le  of a secondary invader.
In m ore  recen t y ea rs ,  Bord, bronchiseptica has been frequently 
recovered  from dogs with kennel cough (Snow et a l . , 3969; Wilkins and 
Holland, 1972; Appel et a l . , 1970) and as early  as 1948 was considered 
to have a p r im ary  role in this complex (Ray, 1948). Investigations of the 
flora  of the nose and th roa t of healthy dogs with a known history  of freedom 
from disease  have shown that Bord, bronchiseptica  is not p re sen t  in the 
norm al commensal flora  of such animals (Smith, 1961; C lapper and 
Meade, 1963; Brennan and Simkins, 1970) although it may be found in the 
f lora  of dogs in contact with, but not necessa r ily  showing signs of, 
re sp ira to ry  d isease . (Parnaik and Singh, 1965; Snow et a l . , 1969).
However, attempts to dem onstrate  the p r im ary  pathogenicity of Bord, 
bronchiseptica  for the dog have not been consistently successfu l (Greig, 1954; 
Chappel et a l . , 1956) and although the ear ly  w orkers claimed to have 
reproduced re sp ira to ry  d isease  in dogs by Inoculation of Bord, bronchiseptica
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(F e r ry ,  1910, 1911; McGowan, 1911; T o rrey  and Rahe, 1913), this 
bacterium , in the recent past, has been generally regarded  as an 
opportunistic pathogen complicating p r im ary  v ira l  infections.
Since its identification in 1910, Bord, b ro nchiseptica has undergone 
sev e ra l  changes of name and classification. After finding that the organism  
o ccu rred  in the re sp ira to ry  t ra c ts  of sev e ra l  animal species with 
re sp ira to ry  d isease, F e r r y  changed the original name of Bacillus 
bronchicanis (F e rry ,  1910) to Bacillus bronchis epticus (F e r ry ,  1912). In 
1918, Evans found the organism  to have physiological and serological 
re la tionships to bac te ria  of the contagious abortion - Malta fever group and 
assigned the canine species  to this group as Bacterium b r onchisepticum.
In the rec lass if ica tion  of the genus Bacterium, the organism  was placed 
in the genus Alcali genes as a re su lt  of its inability to ferm ent carbohydrates 
(Bergey, 1923) but Alcali genes b r onchis epticus was suiDsequently rec lass if ied  
as Brucella bronchiseptica (Bergey, 1939) on the basis  of its antigenic 
re lationship to the contagious abortion organism s previously noted by Evans 
(1918). However, because of the very  close antigenic relationship of the 
o rganism  to the whooping-cough (Pertussis) bacillus (F e r ry  and Noble, 1918; 
F e r ry  and Klix, 1918; Evans and Maitland, 1939; Eldering, 1941) it was 
la te r  assigned to the Haemophilus group (Wilson and Miles, 1955), which, 
at that tim e, included the p e r tu s s is  b ac il lu s . In 1957, Haemophilus 
bronchis epticus was placed with the antigenically re la ted  p e r tu ss is  and 
p a rap e r tu ss is  organism s in the new genus Bordetella (Bergey, 1957) and 
it is as Bord, bronchiseptica that the organism  is best known today, its 
position in this genus being recen tly  confirmed by Johnson and Sneath (1973). 
These  name changes a re  sum m arised  in Table 18.
F e r r y 's  initial isolation of Bord, bronchiseptica  from the tracheobronchial 
t r e e  of dogs with re sp ira to ry  d isease  stim ulated bacteriological investigations 
of the re sp ira to ry  t ra c ts  of o ther animal species showing s im i la r  clinical 
signs of re sp ira to ry  d isease  (Table 19). McGowan (1911) recorded  the 
recovery  of Bord, bronchiseptica  not only from dogs but also from a varie ty  
of other species including cats , fe r re ts ,  rabbits , guinea-pigs and monkeys. 
McGowan's observations on the occurrence  of the organism  in labora to ry  
anim als were confirmed by o ther w orkers  (F e r ry ,  1912; F e rry ,  1913;
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\
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/
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F e r r y ,1910
F e r r y ,1912,* T o rrey  and Rahe, 1913.
'Evans,1918
Bergey, 1923
Bergey, 1939
Wilson and Miles ,1955
Bergey, 1957; Johnson and Sneath ,1973
Table 18 : Bord, bronchiseptica  - resum e of nom enclature
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Pig
Guinea-pig
Rabbit
Phillips, 1943; Ray, 1950; Dunne et a L , 1961; 
L 'B cuyer et a l , , 1961; Ross et a l . , 1963a.
McGowan, 1911a; F e r ry ,  1912; F e r ry ,  1913; 
Smith, 1913; Griffin, 1955; W insser, 1960; 
Ganaway et a l . , 1965; Woode and McLeod, 1967.
McGowan, 1911a; F e r ry ,  1912; F e r ry ,  1913; 
F e r r y  and Hoskins, 1920; Bull and McKee, 1928; 
W insser, 1960.
Rat .Hoskins and Stout, 1919-20; Griffin, 1955;
W insser, 1960; Sv/itzer et a l . , 1966; Burek et a l . , 
1972.
F e r r e t
Cat
Monkey
H orse
Man
Gerbil
Hedgehog
Vole
McGowan, 1911a; F e r ry ,  1913; Spooner, 1938.
McGowan, 1911a and b; Fisk and Soave, 1973; 
Snyder et a l . , 1973.
McGowan, 1911a; F e r ry ,  1912; F e r ry ,  1913; 
W insser, 1960; Graves, 1968; Siebold et a l . , 1970,
Gallaghar, 1965; Saxegaard et a l , , 1971,
Brov/n, 1926; McGowan, 1911a; F e rry ,  1913.
W insser, 1960.
Edwards, 1957.
Bacon et a l . , 1956.
Fox Switzer et a l . , 1960.
Oppossum Switzer et a l . , 1960,
Skunk Switzer et aL , I960.
Racoon Switzer et aL , 1960.
Table 19 : Species other than the dog from which Bord, b ronch iseptica has
been isola ted .
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Smith, 1913; Bull and McKee, 3928) and the organism  is now well- 
recognised as a cause of re sp ira to ry  d isease  in the labora tory  species  
of guinea-pig, rabbit and ra t  in which it tends to show a high degree of 
inf activity but a relatively  low degree of virulence (Griffin, .1955;
W insser, 1960).
In the guinea-pig, an acute fatal bronchopneumonia is commonly 
assoc ia ted  with Bord, bronchiseptica  infection; one or m ore  lung lobes 
may be completely consolidated and th e re  may be overlying a reas  of 
p leu risy  (Woode and McLeod, 1967; Nikkels and Mullink,' 1971) but 
histological examination indicates that the initia l lesion is a purulent 
bronchitis (Nikkels and Mullink, 1971). In rabbits Bord, bronchiseptica  
has been associated  with both pneumonia and ” s nuffl.es" ( infectious nasal 
catarrh) (W insser, 1960), whilst experim ental infection in the ra t  resu lted  
in a multifocal bronchopneumonia which took up to eight weeks to reso lve  
(Burek et a l . , 1972). W insser (1960) reported  that an asymptomatic c a r r ie r  
s ta te  could occur in labora tory  animal species with consequent difficulties 
in identification and elimination of infected anim als. Ganaway et a l . , (1965) 
also reco rded  a c a r r ie r  s ta te  in the guinea-pig and noted that it could be 
accurate ly  detected only by bacterio logical examination of the trach ea  at 
post m ortem  examination; nose and th roa t cultures from the living animal 
w ere  unreliab le  indicators of infection.
Bord, bronchiseptica has also been isolated from fe r re ts  (Spooner,
1938) and European hedgehogs (Edwards, 1957.) kept as laboratory  animals 
and re sp ira to ry  d isease  has been reproduced by in tranasal inoculation of 
the organism  in the fe r re t  and Mongolian gerbil (W insser, I960). Mice 
(Griffin, 1955; W insser, 1960) and h am sters  (W insser, 1960) appear, 
however, to be re s is tan t  to infection with at leas t  some s tra in s  of Bord, 
bronch isep tica , neither overt d isease  nor a c a r r ie r  state  developing after 
in tranasa l inoculation. Poultry would seem  to be completely re s is tan t  to 
the organism .
More recently , re sp ira to ry  d isease  associated with Bord, bronchiseptica 
infection has been reported  in cats kept in laboratory  facilities. In a 
study of cats admitted to a Californian laboratory  (F isk 'and Soave, 1973), 
the c a r r ie r  ra te  of the organism , as established by swabbing the nasopharynx, 
ro se  from 10% on admission to 48% afte r  3 wrecks of close communal 
confinement. At the sam e labora tory  10 cats died, 7 having showm clinical 
signs of re sp ira to ry  d isease , with firm  red  a reas  of consolidation in one 
o r  m ore  lung lobes (Snyder et a l . , 1973); the histological p ic ture  was 
one of bronchopneumonia with an inflammatory exudate p resen t in the 
bronchial t re e  and alveoli; Bord, bronch isep tica was recovered  from  the 
trachea  and lungs of all 10 cats .
Bord, bronchiseptica has also been recovered  from a fatal case  of 
bronchopneumonia in an African green monkey (Graves, 1968). Subsequently 
this author undertook a survey  of agglutinating antibodies to the bacterium  
in the s e ra  of monkeys obtained before, during and after the epizootic in 
which the above-mentioned fatality occurred  (Graves, 1970); antibody 
t i t r e s  were s til l  positive in 46% of animals 19 months after the epizootic 
although the organism  was never recovered  from the nose or throat of any 
animal. Siebold et al. (1970) have reported  the recovery  of Bord, bronchiseptica 
from 36 fatal cases of bronchopneumonia in New World monkeys.
Of the la rg e r  domestic anim als, Bord, bronchiseptica has been 
isolated from only the horse  and the pig, Gallagher (1965) reported  the 
recovery  of Bord, bronchiseptica  from 7 of 15 thoroughbred ho rses  with 
re c u rre n t  re sp ira to ry  d isease  charac te r ised  by coughing and a m uco­
purulent nasal discharge; serological studies showed a r is ing  agglutinin
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t i t r e  to the bacterium  but no change in t i t r e  to th ree  s tra in s  of equine 
influenza v irus . Saxegaard et a l . (1971) isolated the organism  from the 
lungs of a 3 month-old foal with bronchopneumonia; neither mycoplasma 
nor v iruses  could be recovered  from the lung tissue  of this animal. In 
con tras t to the sporadic recovery  of Bord, bronchis eptica from the horse , 
the bacterium  has been regu la r ly  recovered  from outbreaks of re sp ira to ry  
d isease  in the pig, in which species  it is regarded  as a pathogen of 
economic significance.
Bord, bronchis ep tica-like organ ism s w ere f i r s t  isolated from the 
pig by Spray (1922) who found them in both pneumonic and apparently norm al 
lungs. Daugherty (1941) associated  the organism  with cases of rh initis  in 
American swine, while Phillips (1943, 1946) recovered  the bacterium  in pure  
culture from the lungs of pigs with pneumonia in 8 Ontario piggeries and also, 
with o ther organism s, from the nasal cavity of pigs with rh in itis . The 
recovery  of Bord, b ronchiseptica  from pneumonic pig lungs has since been 
repeated by Ray (1950), Dunne et al. (1961), L 'Ecuyer (1961) and Goodwin and 
Wliittlestone (1962), while Switzer (1956), C ross  and Cafflin (1962) and 
Ross et al. (1963a) have isolated the organism  from additional field cases 
of atrophic rh initis  (AR). The unthriftiness and stunting associated  with 
both AR and pneumonia (Switzer, 1970) has provided the economic stimulus 
for re se a rc h  into the aetiology of those conditions and, in pa r t icu la r ,  the 
ro le  played by Bord, bronchiseptica in porcine re sp ira to ry  d isease .
Pneumonia w^ as produced in conventionally-reared young pigs by 
inoculation with Bord, bronchiseptica. by L 'E cuyer (1961), Goodwin and 
Whittlestone (1964) and Duncan et al. (1966b). Goodwin and Whittle stone 
w ere  reluctant to specify the bacterium  as the p r im ary  cause of the 
d isease , but the other groups of w orkers  considered they had produced a 
p r im a ry  bacte ria l pneumonia by in tra trachea l inoculation. The p r im ary  
ro le  of the bacterium  was confirmed by Meyer and Beamer (1973) who 
consistently  produced a pneumonia, identical to that described by the above 
authors , by in tranasal inoculation of Bord, bronchiseptica into g e rm -free  
piglets; n> other microbiological agent could be isolated from either 
infected o r  control anim als. The pneumonia was charac te r ised  by bronchitis
8 9
and b ronch io litis, vascu litis  and a lveo lar oedem a and haem orrhage with 
in filtra tion  of inflam m atory cells  into the a lveo lar a ir  spaces; p e r i ­
b ronchial, p e riv a sc u la r  and in te rs titia l fib rosis  with a lveo lar ep ithe lia l- 
isation v/ere also m arked especially  in the la te r  stages of the d isease , 
and sm all perib ronch ia l and p e rib ro n ch io la r m ononuclear cell in filtra tes  
w ere found. These changes w ere identical to those described  in field 
cases  of pneumonia associated  with Bord , bronchisep tica  (Dunne et a l . ,
1961) and iso la tes  of the o rganism  from  various anim al species have 
been shown capable of reproduing  the condition in pigs (Ross e t a l . , 1967).
A trophic rh in itis  has been induced by in tran asa l inoculation of 
Bord, b ronch isep tica  by Sw itzer (1956), C ross and Caflin (1962),
Ross et a l. (1963b), Duncan et a l. (1966a) and Shimizu et al. (1971). 
N oticeable tu rb inate  atrophy was rep o rted  to occur within two weeks of 
infection in anim als inoculated at 3 days of age. (Ross et a i . , 1963b;
Duncan et a l . , 1966a). The h isto logical lesions consisted  of ep ithelial 
hyperp lasia  and m etap lasia , fib rop lasia  and collagen deposition in the 
lam ina p ro p ria  and bony re so rp tio n  with rep lacem ent fib ro sis  of the 
osseous co re  (Duncan et a l . , 1966a). B acteria  w ere identified by a 
fluo rescen t antibody technique among the c ilia  of the epithelium  but not 
in the underlying tis su e s ; (M aeda and Shimzu, 1974). Duncan et al. (1966a) 
postu lated  that the changes in the underly ing tis su es  w ere due to som e 
b a c te ria l product, possib ly  an endotoxin.
The atrophy produced by experim ental infections was m ore sev e re  
in anim als inoculated a t 3 days ra th e r  than at 4 weeks of age (Ross et a l . ,
1963b); Duncan et al. (1966a) considered  the increased  sev erity  in anim als 
infected at a very  early  age to be due to suppression  of the very  rapid 
growth of the tu rb inate  bones which norm ally  occurs in the f i r s t  few weeks 
of life . Several o ther agents including a v irus and P asteu re lla  m ultocida 
(Sw itzer, 1956) have a lso  been im plicated  in AR outbreaks and it may well 
be tha t any agent in te rfe rin g  with norm al tu rb inate  developm ent in the 
young pig will produce a s im ila r  g ross appearance which is dysp lastic  
ra th e r  than atrophic in o rig in .
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Bord, b ronchiseptica  p e rs is te d  for up to 6 weeks a fte r infection in 
the tu rb inates and trach ea  of pigs (Ross et a l . , 1963b) but could be 
recovered  from  only the tu rb inates a fte r 8 weeks (Ross et a l . , 1963b; 
Shim izu et a l . , 1971). It should be em phasized that infection with Bord, 
bronch isep tica  will re su lt in the colonisation of both tu rb inate  and low er 
re sp ira to ry  tra c t  m ucosa and that AR and pneumonia a re  m erely  two 
aspects of the sam e d isease  p ro cess  (Ross et a l . , 1967); which aspect 
becom es predom inant may depend upon o ther fac to rs such as the age of 
the pig at the tim e of infection.
. Reinfection of swine herds from  which Bord, bronch isep tica  had 
been elim inated, even in the absence of contact with other p igs, has been 
rep o rted  (Switzer et a l . , 1966). Investigation of wild life led to the 
sporad ic  isolation of the o rganism  from  skunk, opposum, fox, racoon 
and cat and from  ra ts  (Sw itzer et a l . , 1966); in addition, the bacterium  
has been recovered  from  a wild vole (Bacon et a l . , 1956) ; it was 
concluded that, in certa in  c ircu m stan ces , ra ts  m ight be responsib le  for 
infection of Bord, bron chis ep tica-fre e  pig h e rd s .
Bord, bronchisep tica  has occasionally  been recovered  from  humans 
with a re sp ira to ry  d isease  diagnosed clin ically  as whooping-cough 
(Brown, 1926; Chang, 1950); Brown ( 1926) ascribed  the infection in a 
5 y ear-o ld  child to close contact with a pet rabbit suffering from  "snuffles" 
due to Bord, b ronch isep tica . McGowan (1911), F e rry  (1917) and W insser 
(1960) have recorded  re sp ira to ry  d isease  due to Bord, bronchis ep tica 
in anim al attendants working with infected stock. Lautrop and Lacey (I960) 
estim ated  the organism  to be responsib le  fo r 0.1%  of whooping cough cases 
in London and considered that infection with Bord, p e r tu s s is ,Bord, p a ra- 
p e r tu s s is  and Bord, bronchisep tica  in man w ere indistinguishalRe without 
bacterio log ica l o r se ro log ica l exam inations. Since these infections in 
m an a re  clin ically  indistinguishable and the organism s responsib le  a re  
very  closely re la ted , the fea tu res of c lass ica l whooping cough i . e . ,
Bord, p e rtu ss is  infection in man will be briefly  review ed.
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■\A/liûoping-cough is a com m unicable, infectious d isease  of childhood, 
ch a rac te rised  by violent paroxym sm s of coughing ending in the 
c h a rac te ris tic  in sp ira to ry  "whoop" which gave the d isease  its  nam e. The 
"whoop", hov/ever, is a fea tu re  of only the la te r  stages of the d isease; 
in the e a r l ie r  s tages, c lin ical signs consist of coughing, sneezing  and non­
specific  signs of upper re sp ira to ry  infection (Robbins, 1974). C linical 
signs norm ally p e rs is t  fo r 6 to 8 w eeks. In m ild form s o r in cases in 
o lder children and adults, the sym ptom atology is often lim ited  to m ild 
coughing and the "whoop" may never occur (M orse, 1968).
The condition is highly com m unicable within a susceptib le  population 
with tra n s fe r  of infection o ccu rrin g  in 80-90% of susceptib le  fam ily 
contacts and 25-50% of susceptib le  contacts outside the home ( Gordon and 
Hood, 1951). T raditionally , epidem ics of whooping-cough originated in 
young school ch ild ren  who then tran sm itted  the d isease  to th e ir  p re -sch o o l 
siblings (Gordon and Hood, 1951), but intensive vaccination has considerably 
changed this epidem iological p a tte rn . P ertu ss is  outbreaks a re  becom ing 
increasing ly  recognised  in o lder age groups and am ongst patien ts fully 
vaccinated in childhood (L am bert, 1965; M orse, 1968; Kurt et a l . , 1972); 
L am bert (1965) indicated-that 95% of vaccinated individuals w ere fully 
suscep tib le  12 y ears  a fte r th e ir  la s t dose of vaccine. C linical recognition 
of the d isease  in these  giroups may be difficult since, as mentioned above, 
the course  is frequently atypical and consequently liable to be diagnosed 
as b ronchitis (Kurt et a l . , 1972; Linneman et aL , 1974); the definitive 
diagnosis of p e rtu ss is  in such cases req u ire s  specia lised  bacterio log ical 
exam ination dictated by the fastidious Jiutritional requ irem en ts of the 
organism ; many cases probably go unrecognised and the im portance of 
p e r tu s s is  in adult humans awaits c larifica tion .
The h isto logical fea tu res  of naturally  occurring  Bord, p e r tu s s is 
infection have been difficult to a sce rta in  as m ost cases reco v er and many 
fa ta litie s  a re  due to com plicating fac to rs  such as supervening infections 
by o ther m icroo rgan ism s. Although Bord, p e r t u ss is was described  and 
associated  with whooping-cough by Bordet and Gengou as early  as 1906, 
it was not until 1912 that th e re  was an in itia l descrip tion  of the h isto logical
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lesions in the re sp ira to ry  tra c t , M allory and H ornor (1912) described  the 
p re sen ce  of la rg e  num bers of m inute coccobacilli am id th e  cilia  of 
ep ithelial cells in the tra ch ea l and bronchial m ucosa; in addition th e re  was 
dam age to o r com plete loss  of c ilia  and m igration  of polym orphonuclear 
leukocytes into the epithelium  and lum en of the trach ea  and bronchi; the 
subm ucosa was in filtra ted  by lym phocytes and p lasm a c e lls . T hese fea tu res 
w ere  also  found by Smith (1927) who, in addition, noted m arked  enlargem ent 
of tracheobronch ia l lym ph nodes and considered that bronchopneum onia 
could be due to the d irec t action of the p e r tu s s is  bacillus, without secondary 
b a c te ria l invaders, s in ce  he iso lated  the organism  in pure culture in the 
a lveo lar exudate of such case s .
In attem pts to elucidate the h isto log ical featu res of the d isease ,
M allory et a l. (1913) inoculated dogs, monkeys and rabb its  in tra trach ea lly  
with pure  cu ltu res of Bord, p e r tu s s is . Signs of re sp ira to ry  d isease  
occu rred  in some', but not all cases; b a c te ria  w ere seen among the cilia  
of the re sp ira to ry  tra c t  and an o rgan ism  with many of the c h a ra c te r is tic s  
of Bord, p e r tu ss is  was reco v ered  from  the lungs. The validity of th is 
experim ental work was questioned by Rhea (1913) wbo com m ented on the 
s im ila rity  of the lesions produced by M allory et al. (1913) to those seen in 
natu rally  occu rrin g  cases of anim als suffering  from  re sp ira to ry  d isease  
asso c ia ted  with Bord, b ro n ch isep tica ; Smith (1913) claim ed to have seen  
Bord, b ronch isep tica  between the ep ithelial c ilia  in guinea-pigs as early  as 
1899 and Rhea (1915) described  iden tical lesions to those seen in na tu ra l 
whooping-cough in dogs dying of "d istem per"  associated  with Bord. 
b ronch isep tica  infection. M allory (1913) acknowledged and confirm ed Rhea’s 
findings in the dog and suggested tha t bacterio log ica l exam ination should be 
used to e lim inate Bord, b ronch isep tica  infection in experim ental an im als.
Since then, clin ical re sp ira to ry  d isease  has been induced in man 
(MacDonald and MacDonald, 1933) and in experim ental anim als (Sauer and 
H am brecht, 1929; Shibley, 1934; Rich et a l . , 1936) by inoculation of Bord, 
p e r tu s s is  in the absence of Bord, b ro n ch isep tica; in addition, h isto logical 
lesions have been produced in m ice (Burnett and T im m ins, 1937; Bradford, 
1938) and em bryonic chick lung (Gallavan and Goodpasture, 1937) by infection
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with Bord, p e r tu s s is . T hese stud ies have re su lted  in a m ore  exact 
knowledge of the pathological fea tu res  of whooping-cough. Tlie pulm onary 
lesions a re  now generally  agreed to be ch arac te rised  by growth of 
Bord, p e rtu ss is  in the cilia ted  ep ithelial b o rd er with midzonal and b asa l 
ep ithelial n ec ro sis  and, in sev e re  cases, epithelial desquam ation; th e re  
is in filtra tion  of polym orphonuclear leucocytes into the epithelium  with 
accum ulation of a m ucopurulent exudate in the lum en and perib ronch ia l 
m ononuclear cell accum ulations a re  found. The a lveo lar w alls may also be 
thickened by a mixed ce llu la r in filtra te  of polym orphonuclear leucocytes 
and m ononuclear cells and ce llu la r in filtra tion  into the a lveo lar a ir  spaces 
m ay occur (Robbins, 1974).
T hese lesions a re  s im ila r  to those seen  in natural and experim ental 
infections with Bord, b ronch isep tica  in the p ig  and labora to ry  an im als.
The s im ila rity  in the clin ical and pathological fea tu res  of Bord, p e rtu ss is  
and Bord, b ronch isep tica  infections is probably due to the biological 
s im ila r itie s  of the o rg an ism s. A close antigenic re la tionsh ip  between 
them  was dem onstrated  as early  as 1918 (F e rry  and Noble, 1918; F e rry  
and Klix, 1918). They have since been shown to have antigenically re la ted  
agglutinogens (E ldering  and K endrick, 1938; A nderson, 1953), to produce 
haem agglutinins (Keogh, et a l . , 1947) and identical heat lab ile  toxins 
(Evans, 1940); both o rg an ism s, in common with o ther G ram -negative 
b a c te ria , have a heat s tab le  endotoxin (Munoz, 1963; H a rris  et a l . , 1968). 
The heat labile toxin (HLT) is le thal for rab b its , m ice and guinea-pigs by 
intravenous or in trap erito n ea l injection and produces derm al n ecro sis  in 
rabb its  when injected by the sub- o r in tra-cu tan eo u s ro u te s . Many authors 
(Lapin, 1943; Munoz 1963; B radford, 1965) have considered HLT to be 
involved in the pathogenesis of whooping-cough; Asada (1953a; 1953b) 
c laim ed to have produced iden tical lesions by in tran asa l in stilla tion  of . 
Bord, p e r tu s s is  and HLT in m ice and dogs. M ore recen tly , H a rr is  et al. 
(1968) dem onstrated  tha t Bord, b ro n ch iseptica endotoxin in te rfe red  with 
m itochondrial m etabolism  and suggested  tha t th is effect might be responsib le  
for som e of the changes seen in atroph ic  rh in itis .
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In sum m ary , the bacte rium  B ord, b ro n chiseptica  has been reco v ered  
from  a wide range of anim al species  in which it is  assoc ia ted  with a 
re sp ira to ry  d isease  ch a rac te rised  by inflam m ation of the c ilia ted  re sp ira to ry  
ep ithelium . A clin ically  and pathologically  s im ila r  d isease , whooping-cough, 
in man is recognised  as being due to infection with the re la ted  bacterium  
Bord, p e r tu s s is . While B ord, b ronch isep tica  is recognised as a p rim ary  
re sp ira to ry  pathogen in the  pig and som e lab o ra to ry  anim al sp ec ie s , in the 
dog i t  has until recen tly  been reg ard ed  as a m icroorgan ism  incapable of 
mounting a p rim ary  infection. In view o f‘its  p rim ary  pathogenicity in 
o ther species  and the frequency, as d escribed  in P art I of th is  th e s is , with 
which it was recovered  from  dogs with n a tu ra lly -o ccu rrin g  re sp ira to ry  
d isease , som etim es in the absence of any o th er recognised  canine re sp ira to ry  
pathogens, it was decided to undertake a c r itic a l re -evaluation  of the 
pathogenicity of Bord, b ronch isep tica  for the  dog.
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SECTION 2 ; MATERIALS AND METHODS
E x p erim en ta l'Animais
In the investigation of contagious re sp ira to ry  d isease , it is im portant 
that the experim ental anim als employed should not only be free  from  
c lin ical re sp ira to ry  d isease  but also  that th e re  should not have been any 
possib ility  of exposure to infected anim als: 6 to 12 week old, unvaccinated 
puppies, bred  on isolated  fa rm s and obtained through a com m ercial sou rce  
w ere, th e re fo re , used throughout th ese  experim ents.
On a rr iv a l, a ll anim als w ere m aintained in isolation fo r a minimum 
period  of one week. During th is iso la tion  period , serum  sam ples w ere 
obtained in o rd e r  to m easu re  antibody t i t r e s  to Bord, bronchisep tica .
On a t le a s t two occasions during isolation nose and th roa t swabs w ere 
obtained from  each anim al and w ere  exam ined by bacterio logical techniques 
fo r the p resen ce  of Bord, b ronch isep tica .
All dogs w ere housed indoors at an am bient tem p era tu re  of 20°C.
They w ere fed a com m ercial dog food (L assie  : Pedigree Pet Foods L td . , 
L e ic e s te r) ,p ro p rie ta ry  dog m eal and reconstitu ted  dried  m ilk.
N euroleptanalgesia was induced with "Im m obilon” (Reckitt and 
Colem an, P harm aceutical D ivision, Hull) to fac ilita te  re s tra in t  during 
aero so lisa tio n  and jugular venipuncture.
A eroso lisation  P rocedure
Dogs w ere infected with Bord, bronch isep tica  by exposure to an 
ae ro so l of a 24 hour nu trien t bro th  cu ltu re  of the o rgan ism .
Dogs w ere sedated  and placed in a c lea r Perspex cham ber to which 
was attached a polythene tube. This tube was connected to a W right 
neb u liser unit pow ered by a CFI e le c tr ic  co m p resse r unit (A erosol 
Products L td . , C o lchester). The n eb u lise r was, in tu rn , attached to a 
u n iv e rsa l container in w^hich was a bro th  cu ltu re  of Bord, b ronch isep tica . 
Dogs w ere exposed to the ae ro so l produced in th is m anner for 15 m inutes :
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2 .5 m l of the cu lture was ae ro so lised  in this tim e . The aeroso l p a rtic le  
s iz e  was < 8pm.
N ecropsy P rocedures
All anim als w ere anaesthetised  by intravenous injection of 
pentobarbitone sodium (Euthatal; May and Baker Ltd, m Dagenham) and 
exsanguinated by severing  the jugular ve in s. A full post m ortem  exam ination 
was im m ediately p e rfo rm ed . The trach ea , oesophagus, h e a rt and lungs 
w ere rem oved; the oesophagus and heapt w ere separa ted  from  the 
re sp ira to ry  tra c t .
, The en tire  left lung and the righ t d iaphragm atic lung lobe w ere 
routinely taken for h istopathological exam ination. Blocks w ere also taken 
from  the rem aining lobes if lesions o ccu rrin g  in these  lobes w ere not 
rep resen ted  in the left lung. Sam ples fo r histopathological exam ination 
w ere also  taken from  the trach ea , palatine tonsil, tracheobronch ia l and 
re tropharyngeal lymph nodes, soft pa late , adenoid, nasal tu rb inate , 
rh inarlum , liv e r, kidney, spleen and b ra in .
The following w ere  taken for bacterio log ica l exam ination : righ t 
card iac  lung lobe, tra ch ea , nasa l tu rb in ates , tracheobronchial and 
re tropharyngeal lymph nodes, palatine to n sil.
Sm all blocks of lung (including a bronchus), tonsil and r e t r o ­
pharyngeal lymph node w ere taken fo r im m unofluorescence. Blocks of 
tra ch ea  w ere occasionally  taken .
The in term ed ia te  lung lobe was taken and sto red  at -20^C until 
v iru s  isolation could be attem pted .
W here u ltra s tru c tu ra l exam ination was to take p lace, sm all blocks 
of bronchial and tra c h ea l m ucosa w ere rem oved as soon a fte r euthanasia 
as possib le  and p ro cessed  im m ediately .
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Histological Procedures
The left lung was fixed in 10% NBFS. The fixative was instilled  
into the m ain bronchus until the lung was inflated to its norm al size  
(M edical R esearch  Council, 1975); the bronchus was then ligated and the 
whole lung subm erged in fixative. In se lec ted  cases the fixative was 
also  infused via b ranches of the pulm onary a r te ry . The right 
d iaphragm atic  lobe was s im ila rly  fixed with m ercu ric  ch lo rid e -fo rm ol. 
Portions of o ther organs w ere fixed in NBFS.
T issues w ere trim m ed  a fte r 48 hours and tra n s fe rre d  to fre sh
fixative fo r a fu r th e r 24 hou rs . A m inim um  of 11 blocks w ere taken from
the left lung: 3 blocks from  the ap ical and card iac  lobes and 5 from  the
diaphragm atic lobe. All tis su e s  w ere then p rocessed  as described  in Part I 
Section 2.
Sections w ere cut at 4pm and routinely stained by M ayer's  haem alum  
and eosin (HE). Selected sections w ere also stained by MSB to dem onstrate  
collagen and fib rin  and by the G ram -T w ort method (O llett, 1947) to 
dem onstrate  b ac te ria .
U ltra s tru c tu ra l P rocedures
Fixation : Small p ieces of bronchial and trach ea l m ucosae w ere rem oved 
as soon a fte r death as poæ ible and placed in drops of chilled p a ra -  
form aldehyde/g lu tardehyde fixative on blocks of dental wux. T hese tis su e s  
w ere  then chopped into blocks approxim ately 0.5m m  thick using a 
g rease  free  ra z o r blade and w ere then tra n s fe rre d  to g lass v ials containing 
chilled fixative. The tis su e s  w ere fixed in the parafo rm aldehyde/ 
glutaraldehyde m ix ture  a t 4^0 (K arnovsky, 1965) for 4^ hours. The 
tis su e  was then rin sed  overnight in a cacodylate rin s in g  solution and 
postfixed in 2% osm ium  te trox ide  fo r 1 hour.
Paraforrnaldehyde/g lu tcraldehyde m ix ture  : 1. 3% paraform aldehyde 
and 1.6% glutaraldehyde in cacodylate buffer pH 7 .2  - 7 ,4 .
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paraform aldehyde 2g
D istilled  w ater ' 25 m l.
IN Sodium hydroxide 2 - 3  drops
25% gluteraldehyde 10 m l.
Cacodylate buffer 115 m l.
Anhydrous calcium
chloride - 25 mg.
Cacodylate buffer : This was p rep a red  as a 0. IM solution of
sodium  cacodylate (21 .4  g /litre )  and adjusted to pH 7 .4  - 7 .6  by a few 
.drops of concentrated  hydroch loric  acid .
Cacodylate rin s in g  solution : Sucrose was added to cacodylate buffer 
(34 .2  g/1) resu lting  in a 0. IM solution of su cro se ; pH was adjusted to 
7 .2  - 7 .4 .
Osmium te trox ide : 1% osm ic acid (BDH Chem ical L td . , Poole, England) 
in M illonig's buffer, pH 7 .2  - 7 .4 .
Millom'g’s phosphate buffer : This was p rep ared  as follows:
Sodium dihydrogen phosphate (2,26%) 83 m l.
Sodium hydroxide (2. 52%) 17 m l.
D istilled  w ater 10 m l.
Sucrose 0 ,54  g.
Embedding : Fixed tis su e  was dehydrated in an ascending se r ie s  of 70 
p ercen t, 90 percen t and absolute alcohol, and was then rinsed  in propylene 
oxide. The tis su es  w ere soaked fo r 1 hour in a m ixture of equal p a rts  
propylene oxide and A rald ite  and left overnight in an 80% A rald ite  m ix tu re . 
Individual tissu e  blocks w ere then embedded in A raldite in gelatine 
capsu les, the re s in  being polym erised  a t 57^C for 48 hou rs.
A rald ite  m ix ture  : Equal p a rts  A rald ite  res in  (CY212) and A raldite
h a rd en er (HY 964) w ere m ixed by s t ir r in g  overnight and then s to red  at 
4^C. Before use in embedding 0 .6  m l of a cc e le ra to r (DH 064) and 2,4 m l of 
d i-n -bu ty l-ph thala te  w ere added to 57 ml of the above m ixture and the whole 
s t i r r e d  for 30 m inutes.
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Staining : Sections 1 pm thick Were cut on an LKB M ark III u ltra -  
m icrotom e using glass knives, mounted on glass slidqs, and stained with 
to lu id lne  blue according to the method of Trum p et al. (1961). F ields for 
u ltram icroscopy  w ere selec ted  and the orig inal blocks trim m ed accordingly.
U ltrathin  sections w ere then cut on the u ltra-m icro to m e and mounted 
on uncoated Athene 483 copper specim en grids (Sm ethurst High Light L td . , 
Bolton); they were stained with uranyl ace ta te , (Wilson, 1958), rin sed  in 
m ethanol, 50% m ethyl alcohol and d istilled  w ater and dried  on f il te r  pap er. 
They w ere then stained fo r 10 m inutes with lead c itra te , -(Reynolds, 1963), 
rin sed  with 0.02N sodium hydroxide and d istilled  w ater and again d ried  on 
f il te r  paper. They w ere then exam ined using an AEl 6B e lec tron  m icroscope.
Uranyl acetate  : a 20% solution (May and Baker L td ., Dagenham) was
made up in 100% m ethanol.
Lead c itra te  : ■ lead n itra te  (1.33g) and sodium c itra te  (1.75g) w ere
dissolved in sep a ra te  15 m l volumes of d istilled  w ater.
The solutions w ere then mixed, the lead c itra te  p rec ip ita te  
shaken for 1 m inute and allowed to stand, with periodic 
s tir r in g , fo r 30 m inutes. The p rec ip ita te  was solubilised 
by adding 8 m l of IN sodium hydroxide and was diluted 
to 50 m l with d istilled  w ater. The final pH was 12 + 0 .1 .
B acterial cells w ere p ro cessed  in a s im ila r  way except that the 
colonies of Bord, b ronch isep tica  to be examined være washed off agar p lates 
with chilled fixative and then centrifuged at 1500 rpm fo r 10 m inutes. The 
p e lle t of cells  was then dislodged from  the glass and trea ted  as a tis su e  block.
B acterio logical P rocedures
The s tra in  of Bord, b ronchiseptica  used throughout this study'w as 
iso lated  from  the lungs of a dog suffering from  bronchopneumonia; it was 
designated 52498/3 (W right et a l . , 1973b). The organism  was C ram -negative 
with a tendency to b ip o la r-s ta in in g . It was m otile a t 37^C, grew well on 
nutrient, agar and MacConkey agar (MA) and produced be ta-haem olysis  on 
nu trien t blood agar (NBA). A fter 24 hours aerobic  incubation at 37^C, the
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colonies produced w ere tiny , c le a r  and glistening, and, w here growth was 
confluent, be ta-haem olysis  was apparent on NBA (F ig . 27); MA plates 
showed a c h a ra c te r is tic  yellowing of the m edium underlying these  colonies. 
A fter 48 hours incubation, colonies w ere la rg e r , 1-2 mm in d iam eter, 
and beta-haem olysis  was apparen t under individual colonies (F ig . 28). The 
biochem ical c h a ra c te r is tic s  of Bord, b ronchisep tica  used to confirm  the 
identity of iso la te  5249 ^ 3 a re  shown in Table 20.
A th ird  passage  cu lture of th is  iso la te  of Bord, b ronchisep tica  was 
f re e z e -d r ie d  in s te r i le  h o rse  se ru m  (Bdrroughs W ellcome L td . , Kent) 
using  a Speedivac Model 5FS fre e z e r  d r ie r  (Edw ards High Vacuum L td .) .
When a culture of b a c te ria  was re q u ire d  an ampoule was rev ived  in s te r i le  
serum  bro th  and inoculated onto NBA; colonies w ere then picked from  
NBA p la tes  and inoculated into containers of s te r i le  nu trien t b ro th .
A fter 24 hours incubation, th ese  cu ltu res  w ere used fo r aero so lisa tio n  
p ro c e d u res . Total v iab le counts by a p la te  dilution method showed that, 
under the conditions em ployed, the infecting cu ltu res contained approxim ately  
5 X 10^ o rg a n ism s/m l. The nasa l and pharyngeal flo ra  of experim ental 
an im als was sam pled by swabbing th ese  a re a s  with s te r i le  cotton swabs 
(Exogen L td . , Glasgow) m oistened with s te r i le  nu trien t b ro th . In swabbing 
the n asa l a rea , ca re  was taken to in troduce the swab com pletely into the 
common nasal m eatus; for the pharyngeal sam ple, a sep a ra te  swab was 
introduced as fa r  back into the to n s illa r  a re a  as possib le . The swabs 
w ere then inoculated onto p a ire d  NBA and MA p la te s , incubated and 
exam ined as described  in P art I.
At necropsy  of experim en tal an im als, p rim ary  isolation of b ac te ria  
was attem pted from  bronchus, lung substance, trach ea , pa latine  tonsil, 
b ronch ia l and re tro pharyngeal lymph nodes as described  in P art I Section 2.
In addition, the m idd le-tu rb inate  was sam pled; a s te r i le  w ire  loop was 
rubbed vigorously over the tu rb in ate  m ucosa and the m a te ria l obtained 
used fo r inoculation and p rep ara tio n  of d irec t sm ea rs  as in Part I. 
N asopharyngeal exudates w ere a lso  exam ined.
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T est Result
Oxidase te s t +
C atalase  te s t ' T
U rease  activ ity . d-
Indole production -
G elatin hydro lysis -
Sugar ferm entation
C itra te  u tilisa tion T
Litm us m ilk reaction Alkaline
Table 20 : B iochem ical c h a ra c te r is tic s  of 
Bord, b ronch isep tica
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NBA, MA and N utrient bro th  w ere supplied by Oxoid L td . , London, 
and w ere constituted accord ing  to the m anufactureras in s tru c tio n s .
Serum  bro th  was made by adding 1 ml s te r i le  h o rse  serum  (Burroughs 
W ellcome L td . , Kent) to 10 m l of nu trien t bro th .
Im m unofluorescence P rocedures
T issu es  taken for im m unofluorescence w ere p repared  and stained 
fo r CDV and CAV as described  in P art I. In addition, t is su e s  w ere 
stained with a specific  an tise ru m  against Bord, b ronch isep tica . This 
an tiserum  was p repared  as described  below.
Two m l of a 48 hour bro th  cu ltu re  of Bord, b ronch isep tica  52498/3 
w ere em ulsified in com plete F reu n d 's  adjuvant and inoculated subcutaneously 
into rab b its  free  from  Bord, b ronch isep tica  infection as judged by negative 
cu ltu re  of the nasopharynx. Four weeks la te r , a fu rth e r 7 m l of a 
24 hour cu ltu re  was adm in istered ; 4 m l was given subcutaneously and 
3 m l in traperitonea lly . A fter a fu rth e r 14 days, the rabb its  w ere bled, 
and the pooled s e ra  tested  fo r antibody against Bord, b ronch isep tica by 
a seru m  agglutination te s t (see below) and by an ind irec t im m unofluorescence 
technique; the la tte r  used acetone fixed sm ea rs  of Bord, bronch isep tica  
as antigen (see  below). The seru m  was also te sted  against a range of 
G ram -positive  and G ram -negative b a c te ria  iso lated  from  the nose and 
th ro a t of dogs; specific  fluo rescence  was found only with Bord, b ronchiseptica .
The serum  was then fractionated  and conjugated as in P art I, Section 2.
Sm ears of nasopharyngeal exudate w ere exam ined by the method of 
Donaldson and W liitaker (1960).
Staining p rocedures using Bord, bronchisep tica  specific  an ti­
serum  w ere identical to those using CDV and CAV an tiserum  (see  Part I 
Section 2),
Serological Procedures
Antibodies to BorcL bronch isep tica  w ere detected by two m ethods : 
a seru m  agglutination te s t  and an ind irec t fluorescen t antibody te s t.
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Serum  agglutination te s t : The tube agglutination te s t employed 
was based  on the m ethod recom m ended by Lautrop and Lacey (1960). 
Doubling serum  dilutions from  1: 8 upwards w ere made in 0 .2  m l volumes 
in sm all tubes; to each dilution was added 0, 3 m l of a s tandard  antigen 
suspension. The tubes w ere then incubated overnight in a w ater bath at 
37^C. Agglutination was of a finely g ranu lar type and the endpoint was 
usually  c le a r  cut.
The antigen suspension was p rep a red  from  the Bord, b ronchisep tica
s tra in  52498/3. A 48 hour growth o f ^ r d .  bronch isep tica  on NBA was
washed off with s te r i le  norm al saline (SNS). This suspension was
centrifuged fo r i j  hours at 67 x g on an MSE re frid g era ted  centrifuge and
the p rec ip ita te  resuspended in SNS. This washing was repeated  th ree
tim e s . The final p rec ip ita te  was resuspended in SNS and diluted to a
9concentration of 10 x 10 o rg a n ism s/m l using standard  opacity Inbes 
(Burroughs W ellcome L td , , Kent), p reviously  graduated for use with this 
o rganism  by m eans of to ta l b a c te ria l counts. Form aldehyde was added to 
a final concentration of 0.15%  and the suspension allowed to stand at 
room  tem p e ra tu re  for a few days before checking for inactivation. Each 
batch was tested  for s te r ili ty  before use.
Ind irect fluo rescen t antibody te s t : This te s t was perfo rm ed  according  
to the method of Edwards et a l .( 1970) with the exception that the sm ea rs  of 
Bord, b ronch isep tica  on glass s lides used  as antigen w ere fixed in 
acetone for 10 m inutes ra th e r  than by heat. Sm ears w ere stained for 30 
m inutes with doubling dilutions of te s t s e ra , washed in PBS fo r 10 m inutes 
and then counterstained with com m ercially  p rep a red  FITC rabbit antidog 
globulin (Sera Serv ices L td . , Berks) fo r 30 m inutes. A fter a final wash 
in PBS the sm ea rs  w ere mounted in th is  buffer and exam ined under a 
fluo rescence  m icroscope,
V irological P rocedures
• Lung lobes w ere exam ined fo r the p resen ce  of v iru ses  as described  
in P art I, Section 2.
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F ig . 27 : Bord , bronch isep tica  - growth on NBA. A fter
24 h rs  aerob ic  incubation at 37 C sm all, c le a r  zones 
o f be ta-haem olysis  (arrow s) a re  evident around 
a re a s  of confluent growth.
F ig . 28 ; Bord, b ronch isep tica  - growth on NBA. A fter
48 h rs  aerobic  incubation at 37^C, d is tinc t zones 
of be ta-haem olysis  a re  v isib le  around individual 
colonies.
I
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SECTION 3 : EXPERIMENT ONE - 12 WEEK OLD DOGS
E xperim enta l D esign
T his experim en t was designed to a sse ss  the pathogenicity of 
Bord, b ronch isep tica  fo r the re s p ira to ry  tra c t  of the dog and to investigate 
the pathology and pathogenesis of any d isease  produced by infection with 
th is  m icroorgan ism ,
.. A to ta l of 11 healthy, 12 week old puppies, random ly divided into 
3 g roups, w ere used in  tM s experim en t. The f i r s t  group, of 5 dogs, was 
exposed to  an ae ro so l containing Bord. broncM septica as described  in Section 2; 
th is  was the infected group. The second group (the contact control) consisted  
of 3 pups which, although not exposed to  the infective aero so l, w ere housed in 
the sam e a irsp ace  as the infected group, in an adjoining pen. The th ird  group, 
a lso  of 3 pups, was the tinexposed contro l group; these  an im als w ere exposed 
to  an aero so l of s te r i le  n u trien t b ro th  and, a fte r aero so lisa tio n , w ere m ain ­
tained in an a irsp ace  sep ara ted  from  the o ther g roups.
All dogs w ere exam ined daily  fo r clin ical evidence of d isease . 
Investigation of the d isease  pathogenesis was fac ilita ted  by sequential M lling 
of dogs a t in te rv a ls  fro m  3 days to 12 days a f te r  infection, fit necropsy, 
pathological, b ac te rio log ica l and v iro log ical exam inations w ere  c a rr ie d  out as 
d escribed  in Section 2.
C lin ical Findings
In the infected group, 4 dogs had developed c lin ical signs of 
re s p ira to ry  d isease  by 3 days a f te r  exposure to the infective aeroso l (Fig. 29). 
The predom inant c lin ical sign was coughing which varied  from  an occasional 
soft cough to sev ere  paroxysm s; coughing was eas ily  p rec ip ita ted  by 
excitem ent o r e x e rc ise . The rem ain ing  anim al (No, 3) had s ta r ted  to cough 
by 5 days a fte r  infection and, in a ll an im als in th is  group, coughing p e rs is te d  
throughout the rem a in d er of the experim en t. At 8 days post infection, the 2
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Fig. 29; Experim ent one - incidence of coughing.
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rem ain ing  infected dogs (Nos, 4 and 5) developed a m ucopurulent nasal 
d ischarge  which was s till  p re se n t when, a t day 10, they w ere killed. All 
5 dogs rem ained  b righ t with a good appetite throughout the experim ent.
All 3 dogs of the contact control group developed a s im ila r  
cough at in te rva ls  from  6 to  10 days a fte r exposure to  the infected group 
(Fig; 29 ); coughing v a ried  in sev e rity  but was occasionally  paroxysm al.
One dog (No. 8) a lso  developed a m ucopurulent nasal d ischarge  on day 10 
which p e rs is ted  until it was killed on day 12,
No evidence of d isease  was found in the unexposed contro l group. 
Pathological F indings
significant findings a t post m ortem  
exam ination w ere confined to  the re s p ira to ry  tra c t  and assoc iated  s tru c tu re s .
In a ll 5 dogs of the infected group, m any pinpoint, red  foci w ere 
found sca tte red  throughout the lungs, while the bronchial and re tropharyngeal 
lymph nodes w ere en larged  up to tw ice th e ir  norm al size  and w ere oedem atous. 
A catarrhal, exudate was found hi the pharynx of both dogs killed on day 10 and 
m ucopus was found overly ing the in rb inate  bones and c ru sted  on the rh in ariu m  
of these  an im als.
In the contact con tro l group, no m acroscopic  lesions w ere found in 
the lungs but the b ronch ia l and re tropharjm geal lyjiiph nodes in a ll 3 dogs w ere 
enlarged and oedem atous. In dog No. 8, killed on day 12, the tu rb inate  
m ucosae w ere congested and overla in  by a puru lent exudate; mucopus was 
p re sen t in the pharynx of tliis dog,
T iiere was no g ro ss  evidence of d isease  in the unexposed contro ls 
a t post m ortem  exam ination.
M icroscopic findings: these  w ere confined to the re sp ira to ry
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t r a c t  and assoc iated  lym ph nodes and a re  sum m arised  in Table 21,
In the infected group, th e re  was inflam m ation at all levels  of 
the re sp ira to ry  tra c t .  In p a r tic u la r , th e re  was in filtra tion  of pohnnorpho- 
nu c lea r leucocytes into the m ucosae and lum ina of the conducting airw ays 
and m asses  of sm all b ac illi w ere v isib le  in  the c ilia  of the re sp ira to ry  
epithelium ; these  b a c te ria  w ere shown, by the G ram  Tw ort staining 
technique, to be G ram -negative  (Fig, 30). S im ilar G ram -negative  colonies 
w ere also  seen in m ucopurulent exudates overlying both cilia ted  and non- 
c illa ted  re sp ira to ry  ep ithelia .
In dogs killed  a t 3 and 5 days a f te r  infection, th e re  was tra c h e it is , 
b ronch itis  and bronch io litis  c h a rac te rised  by congestion and oedema of the 
lam ina p ro p ria  with in filtra tio n  by polym orphonuclear leucocytes and a few 
m ononuclear ce lls  but the epithelium , although also  heavily  in filtra ted  by 
polym orphonuclear leucocytes, rem ained  in tact. B acteria w ere eas ily  seen 
in  the ep ithelial c ilia . In dogs killed on days 7 and 10, focal a re a s
of ep ithelial n ec ro sis  had developed, Tliese w ere m ost m arked in the 
bronchi and bronchioles w here, in addition, the lum en frequently  contained 
a c e llu la r exudate of polym orphs and m acrophages. Where the
epithelium  rem ained  in tac t, it  was heavily  in filtra ted  by in flam m atory  cells  
and th e re  was lo ss  of c ilia . B acteria  w ere le ss  obvious in a reas  of c ilia ry  
lo ss  but could s till  be seen  adheren t to the rem ain ing  sh o rt stubby c ilia .
The bronchial m ucous glands w ere distended but contained little  exudate and 
w ere  lined by only a low cuboidal epithelium .
Involvem ent of the lung parenchym a was m ainly confined to 
a lv eo lar c ap illa ry  congestion but in som e a re a s , e sp ec ia lly  around affected 
bronch io les, th e re  w ere  foci of exudative pneumonia with a lveo lar m acrophages 
and polym orphonuclear leucocytes in the a lveo lar a ir  spaces; in dog No. 4 
k illed on day 10 th e re  w ere a lso  patchy a re as  of in tra -a lv e o la r  oedem a.
T here  was slight oedem a of pulm onary v e sse l w alls, •
R hinitis, although consisten tly  p resen t,w as m ost severe  in the 2 
infected dogs killed on day 10. B acteria  w ere p re sen t in the c ilia  of the
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tu rb inate  epithelium  and th e re  was extensive in filtra tion  of polym orpho­
nuclear leucocytes and lym phocytes into the m ucosa; a m ucopurulent 
exudate was p re sen t in  the lum en.
In the bronch ial and re tropharyngeal lymph nodes of dogs 
killed on days 3 and 5, th e re  was m arked sinusoidal oedema; many 
m acrophages and a few polym orphonuclear leucocytes w ere a lso  p re sen t 
in  the lymph nodes. At la te r  stages,* oedema was le ss  m arked and th e re  
was evidence of lymphoid hyperp lasia .
H istological changes in the contact control group w ere identical 
in form  and degree to those described  in the infected group. No liistological 
lesions w ere found in  the re s p ira to ry  t ra c ts  of the unexposed con tro ls.
B acterio logical Findings
B ac te ria 'reco v ered  from  tis su e s  taken at p o st-m o rtem  exam ination 
a re  shown in Table 22. Bord. broncM septica was recovered , often in pure  
cu ltu re , from  the tu rb in a tes , b ronchi and lung parenchym a of both infected 
and contact con tro l groups of dogs. Isolation of Bord, b ronchisep tica  from  
lymphoid tis su e s  was le s s  consisten t and o ther b ac te ria l species w ere a lso  
reg u la rly  iso lated  from  these  s ite s . In co n tra s t the low er re sp ira to ry  
tra c t  of unexposed con tro ls was uniform ly s te r ile  although staphylococci and 
strep tococc i w ere reco v ered  from  the tu rb inates and re tro pharyngeal lymph 
nodes.
V iro logical F m c ^ g s
No known canine v iru s  could be isolated  from  the lungs of any 
dog used in this experim ent.
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F ig  30 : Experiment one - tracheitis , dog 2. M asses of
red“Stained, G ram -negative bacteria (arrow) are 
present in the epithelial cilia.
(G ram -Tw ort, x 300),
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SECTION 4 : EXPERIMENT TWO - , 6 WEEK OLD DOGS 
E xperim ental Design
This experim en t was designed to confirm  and extend the re su lts  
desc rib ed  in Section 3, The dogs used w ere of a d ifferen t age, the experim ent 
was continued fo r a longer period  of tim e and additional investigations w ere 
c a r r ie d  out both during the course  of the experim ent and at post m ortem  
exam ination.
A to ta l of 12 healthy, 6 week old puppies w ere used in th is 
experim ent; these animfils w ere random ly divided into an infected group 
of 6 dogs, a contact control group of 4 dogs and an unexposed control group 
of 2 dogs. The groups w ere ae ro so lised  and m aintained as in the previous 
experim ent and menijDers of the 3 groups w ere killed a t in te rva ls  from  4 days 
to  21 days a fte r infection.
C linical exam ination of the dogs was c a rrie d  out daily as before 
and, in addition, the m orning re c ta l tem pera tu re  of each anim al was noted.
The aerobic  nasa l and pharyngeal b a c te ria l flo ra  of each dog was m onitored 
daily  from  3 days before infection until death. At necropsy, pathological, 
bacterio log ica l, im m unofluorescent, u ltra s tru c tu ra l and v iro logical studies 
w ere undertaken* Sero logical investigations w ere perform ed on paired  
sam ples from  each dog obtamed before infection and at necropsy .
C linical Findings
As in the p revious experim ent, the m ain clin ical finding was 
coughing (FigoSl ). All of the infected group were coughing by 5 days a fte r 
infection; coughing was m ost sev e re , as judged by the num lier and duration  
of paroxysm al episodes, betw een days 6 and 12, but p e rs is te d  in each aninicü 
until death, as late  as 21 days a fte r infection. E xcessive am ounts of a serous 
nasa l d ischarge  w ere reco rded  in 5 of the 6 infected dogs on day 5 and
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sporad ica lly  from  all dogs th e re a f te r ; occasionally  th is c lea r d ischarge 
was ra th e r  mucoid in consistency . On day 10, the two rem ain ing  infected 
dogs (Nos. 16 and 17) developed a m ucopurulent nasa l d ischarge  (F ig . 32) 
which p e rs is te d  in both anim als until day 14.
S im ilar signs of re sp ira to ry  d isease  w ere seen in the contact 
control group. Spontaneous paroxysm al coughing developed in 3 of th ese  4 
dogs (F ig . 31) and a serous o r mucoid d ischarge was inconsistently  found 
from  day 6 onw ards. In dog No. 20 a m ucopurulent nasal d ischarge  was 
p re sen t on days 11 and 12.
No c lin ical signs of d isease  w ere observed  in the unexposed control 
group.
The m orning re c ta l tem p era tu re  of a ll dogs varied  slightly  from  
day to day but was consisten tly  within the range 100.5^F to 102. 5^F. 
dogs rem ained  b righ t and active throughout the experim ent.
Pathological Findings
M a^ro£œpic_findm gs : As in the previous experim ent m acroscopic  
changes in experim ental anim als w ere confined to the re sp ira to ry  tra c t; 
changes w ere s im ila r  to. those described  in experim ent one.
In the infected group, sm all g re y ish -re d  foci w ere found throughout 
the  lungs of all anim als and, in dog No. 16, k illed a t 15 days, th e re  w ere ra ised  
a re a s  of consolidation, dark  red  in colour, in the an te r io r lung lobes 
(F ig s. 33 and 34). A m ucopurulent exudate was found in the tracheobronch ia l 
tre e  of dogs k illed from  day 7 onwards (F ig . 35 and 36). The bronchial 
and re tropharyngeal lymph nodes w ere consistently  enlarged up to  tw ice 
norm al s iz e  throughout infection and w ere som etim es oedem atous (F ig s. 33 
and 35) ; to n s illa r  en largem ent was noted in 5 dogs (Nos. 13 to 17) with 
d istinct haem orrhag ic  foci p re sep t in 3 of these  (Nos. 13, 15 and 16). The 
tu rb inate  m ucosae w ere congested and overlain by a sticky, som etim es 
purulent exudate in 5 dogs (Nos. 12 to 16) and in 3 of these  (Nos. 12, 13 and 
15) a puru lent exudate was also p re sen t in the nasopharynx, the adenoid region
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of which was prom inent and congested (F ig . 37).
S im ilar changes w ere seen  in 3 of the 4 contact control dogs (Nos, 18,
19 and 20), but no m acroscopic  changes w ere  found in e ith e r of the 
unexposed con tro ls,
M m ro£copic_ûi^ings ; H istopathological changes in the re sp ira to ry  
tra c t  and lymph nodes of dogs exam ined in th is experim ent a re  sum m arised  
in Table 23. As in experim ent one, th e re 'w a s , In the infected group of dogs, 
inflam m ation at all levels of the re sp ira to ry  tra c t .
The m ost prom inent finding was tracheobronch itis  which was p re sen t 
as ea rly  as 4 days a fte r  Infection. At th is tim e, th e re  was acute inflam m ation 
of the tracheobronch ia l t re e  (F ig s. 38 and 39); th e re  was congestion and 
oedem a of the lam ina p ro p ria  with h ea iy  in filtra tion  of polym orphonuclear 
leucocytes into the lam ina p ro p ria  and epithelium ; the epithelium  was, 
how ever, in tac t. B acteria  w ere evident among the ep ithelial c ilia  (F ig s. 39 
and 40) and a puru len t exudate was p re sen t in the tracheobronch ia l lum en.
The bronchial mucous glands w ere distended but w ere devoid of sec re tio n  
and, in som e,polym orphonuclear leucocytes w ere p re sen t in the lum en. At 
7 and 8 days a fte r infection, polym orphonuclear leucocytes w ere s till  evident 
in the tracheobronch ia l epithelium  but, in addition, th e re  v/ere a reas  of 
d isorgan isation , c ilia ry  lo ss  and n ec ro sis  of the epithelium  (F ig . 41) and, in 
such a re a s , b ac te ria , although s ti l l  p re sen t, w ere le ss  p rom inent. The 
lam ina p ro p r ia  was le ss  congested and oedem atous than a t 4 days but s ti l l  
contained a heavy ce llu la r in filtra te  which was composed m ainly of 
polym orphonuclear leucocytes with som e lym phocytes. The bronchial 
mucous glands w ere s til l  d istended.
At 15 and 21 days, trach eobronch itis  was s till  p re sen t. The 
tracheobronch ia l m ucosa was thickened and, in the b ronchial tre e , was 
thrown into folds (F ig . 42): the epithelium  was hyperp lastic  and was also 
in filtra ted  by polym orphonuclear leucocytes (F ig . 43)^the lam ina p ro p r ia  and 
subm ucosa contained a ce llu la r in filtra te  com posed m ainly of lym phocytes
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with som e m acrophages and p lasm a cells and a few polym orphonuclear 
leucocytes (F ig s. 43 and 44). B acteria  w ere s till  p resen t, in sm all, 
sca tte re d  clum ps, in the ep ithelial c ilia  (F ig . 44). The bronchial glands 
s til l  appeared distended.
In infected dogs k illed  from  4 to 8 days a fte r infection th e re  was 
a lv eo lar cap illary  congestion and, especially  around sev ere ly  affected 
b ronch io les, sm all foci of exudative pneum onia with infiltra tion  of m acrophages 
and polym orphonuclear leucocytes into the a lveo lar a ir  spaces (F ig . 45).
In dog No. 16, killed  on day 15, th e re  w ere m ore extensive a re a s  of exudative 
pneum onia (F ig . 46) with surrounding  a re as  of congestion and a lveo lar 
oedem a. In dog 7, killed on day 21, th e re  w ere sm all foci of oedem a with 
accum ulation of polym orphonuclear leucocytes in the alveoli.
In dogs killed  from  days 4 to 8, th e re  was rh in itis , ch a rac te rised  
by congestion, oedem a and in filtra tion  by polym orphonuclear leucocytes of 
the lam ina p ro p ria  and epithelium  (F igs, 47, 48 and 49): a m ucopurulent 
exudate was usually p re sen t in the lum en. In the dogs killed on days 15 and 21, 
rh in itis  was le s s  m arked but in c reased  num bers of lym phocytes and som e 
p lasm a cells w ere p re sen t in the lam ina p ro p ria .
In the bronchial and re tropharyngeal lymph nodes at 4 days a fte r 
infection, th e re  was congestion and sinusoidal oedem a and polym orphonuclear 
leucocytes w ere p re sen t in the afferen t lym phatics and m edulla (F ig . 50). 
S im ilar changes w ere p re sen t at 7 and 8 days a fte r infection, but at 15 and 
21 days a fte r infection, th e re  v/as lymphoid fo llicu la r  hyyjerplasia (F ig . 51) 
and the m edullary  cords contained la rg e  num bers of p lasm a ce lls . In the 
palatine  and adenoid to n s ils , th e re  was usually  congestion with h eaty  
in filtra tion  by polym orphonuclear leucocytes and m acrophages of the overlying 
epithelium ; in dogs killed on days 15 and 21 th e re  was also lymphoid fo llicu la r 
hy p erp lasia .
No abnorm alities w ere detected in the o ther organs exam ined,
H istopathological changes in the dogs of the contact control group 
w ere s im ila r  in nature to those d escribed  in the infected group.
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>H istopathological changes w ere not found in the re s p ira to ry  tra c t  of the 
unexposed contro l dogs.
B acterio logical F indings
The reco v ery  of Bord, b ronch isep tica  from  daily  n asa l and 
pharyngeal swabs Is shown in Table 24, The num ber of colonies of 
Bord, b ronch isep tica  reco v ered  v a ried  from  day to day and from  dog to dog. but, 
in genera l, m ore b a c te r ia  w ere found‘in the e a r l ie r  phases of infection, from  
days 3 to  10, than in the la te r  s tag es . N onetheless, b a c te ria  could s till  be 
iso la ted  from  infected and contact con tro l dogs a t 21 days a fte r  infection,
Tlie iso la tion  of Bord, b ronch isep tica  from  sam ples taken at 
necropsy  is de tailed  in T able 25. It is  noticeable tha t p ro fuse , pure  cu ltu res 
of Bord, b ronch isep tica  could be reco v ered  from  the tracheobronch ia l t r e e  of 
both infected and contact con tro l dogs as la te  as 15 and 21 days a fte r infection 
when reco v e ry  from  the upper re s p ira to ry  tra c t , as seen in daily  sw abs, had 
becom e le ss  consisten t, Wltile p rofuse grow th of Bord, b ronch isep tica  was 
often obtained from  cu ltu re s  of the tu rb inate  m ucosae, the b ac te riu m  was 
seldom  p re sen t in pu re  cu ltu re ; Staphyloccocus spp, S treptoccocus spp, 
K lebsie lla  spp, and Pa s te u re lla  spp. w ere a lso  reco v ered  from  th is s ite .
T hese o ther b a c te ria l spec ies  and co lifo rm -like  o rgan ism s w ere a lso  reco v ered  
in sm all num bers from  the lymph nodes and tonsils  w here Bord, bronch isep tica  
was only inconsisten tly  p re sen t. The lov/er re sp ira to ry  tra c t  of unexposed 
con tro ls  was consisten tly  s te r i le .
G ram  stain ing  of d ire c t tis su e  sm ears  taken at post-m ortem  
exam ination dem onstrated  sm all, G ram -negative b acilli o r cocco-bacilli, 
singly or in sm all groups, in sam ples taken from  s ite s  which, on cu ltu ra l 
exam ination, yielded Bord, b ronch isep tica  (Fig.52 ); in som e m icroscop ic  
fie lds b ac te ria  could be identified within o r attached to polym orphs. '
Im m unofluorescence Findings
F lu o rescen t antibody staining of lung and tra c h ea l sam ples
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allowed the specific  identification of Bord, b ronchiseptica at these  s ite s .
In the early  stages of infection i . e .  4 to 8 days a fte r infection b ac te ria  
w ere found on the su rface  of tra c h ea l (F ig . 53) and bronchial (F ig. 54) 
epithelium , w here they w ere  so m assed  as to produce an alm ost solid 
fluo rescen t outline of th ese  s tru c tu re s . In a reas  of ep ithelial n ec ro sis  
b a c te ria  w ere found extending down to b a sa l ep ithelial lay e rs  (F ig. 55) but, 
fo r the m ost p a rt, they w ere confined to the  lum inal ep ithelial su rface . 
B acteria  w ere also  found in the lum inal exudate and occasional sm all clumps 
w ere found in the a lveoli. Bord, b ronch isep tica  could be identified on 
trach ea l, b ronchial and b ronch io lar epithelium  in both infected and contact 
contro l dogs until 21 days a fte r Infection although, in the la te r  s tag es , they 
appeared  in sm all clum ps (F ig . 56), ra th e r  than the solid m asses  seen 
e a r l ie r .  Very occasionally  a few individual b ac te ria  could be found in the 
subcapsu lar sinuses of the bronch ial lymph nodes.
S m ears of nasopharyngeal exudates revealed  m asses  of b ac te ria  
apparently  free  in m ucus and within o r  attached to polym orphonuclear 
leucocytes (F ig , 57).
Bord, b ronch isep tica  was not found in tis su e  sam ples from  un- 
exposed control dogs.
Lung, lymph node and to n s illa r  sam ples stained with CDV and 
CAY specific  a n tise ra  w ere consisten tly  negative for th ese  v iru ses  in 
infected, contact control and unexposed control an im als.
U ltra s tru c tu ra l Findings
The u ltra s tru c tu re  of bronchial epithelium  found in sam ples from  
unexposed control dogs was in general agreem ent with that previously  
rep o rted  (F ra sc a  e t a l , , 1968; Wheeldon, 1974). Five cell types w ere 
reg u la rly  seen  : c ilia ted  ce lls , which had both cilia  and m icro v illi along the 
lum inal bo rd er (F ig. 58)^  goblet cells; b asa l ce lls , im m ediately above the. 
basem ent m em brane; in te rm ed ia te  cells; and, infrequently, non-cilia ted  
cells with only m icrov illi on the lum inal edge. C iliary  s tru c tu re  w as, in 
the m ain, s im ila r  to that rep o rted  for c ilia  in many different s ite s
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(F aw cett, 1967) with the typical axial filam ent complex of nine p e rip h e ra l 
double tubules and two cen tral tubules contained within the p lasm alem m a 
(F ig . 59). Compound c ilia  w ere occasionally  seen; these  w ere composed 
of m ultiple se ts  (som etim es as many as 12, but usually only 3 o r 4) of 
axial filam ents contained within a common ex ternal m em brane (F ig . 59)^
T hese  compound cilia  have previously  been reported  in norm al dogs 
(Wheeldon, 1974), O ccasionally, b iz a r re  compound cilia  with incom plete o r 
ir re g u la r ly  o rien tated  axial filam ents w ere found.
Infection with Bord, b ronch isep tica  , as seen in infected and contact 
control anim als resu lted  in a num ber of changes in the bronchial epithelium . 
Increased  vacuolation of ap ica l cytoplasm  and swelling of m itochondria w ere 
consisten tly  found in ep ithelial cells  ea rly  in infection w hether b ac te ria  
w ere p re sen t in the im m ediately overly ing  cilia  o r  not (F ig . 60). With 
in c reasin g  duration of infection, th is m itochondrial sw elling and cytoplasm ic 
vacuolation becam e m ore sev e re  and th e re  w ere apical p ro tru sio n s  of 
cytoplasm , som etim es containing c ilia ry  tubules, into the lumen where 
debris  from  necro tic  ep ithelial cells  could be found (F ig . 61); these  
cytoplasm ic p ro tru sio n s  v/ere not seen in control m a te ria l. Polym orphonuclear 
leucocytes could be found in the epithelium  (F ig. 62) and in the lumen 
w here they could be seen  engulfing b a c te ria  (F ig . 63 and 64). Goblet cells 
w ere often seen to d ischarge  p rem a tu re ly  with the re le a se  of cytoplasm ic 
o rganelles  as well as se c re to ry  giranules (F ig , 63),
F rom  8 days onw ards, c ilia  appeared  to be decreased  in num ber 
(F ig s . 61 and 62). In addition, atypical c ilia ry  form ations w ere  found m ore 
frequently than in control m a te ria l; incom plete se ts  of axial filam ents w ere 
often seen in the cytoplasm ic p ro jec tions mentioned above (F ig , 61), 
and b iz a r re  compound c ilia  w ere also often p re s e n t/F ig . 62). M icrovilli did 
not appear to in c rease 'in  num ber but w ere m ore obvious due to loss of c ilia . 
A typical c ilia ted  cells v/ith ir re g u la r  o rien tated  m icrotubules p re sen t throughout 
the cytoplasm  (F ig . 65) w ere found in dog 16 killed at 15 days.
Epithelial in te rce llu la r spaces w ere m ore distended in infected an im als, 
especially  in the basa l ep ithelial a rea  but tight junctions and desm osom es
24
seem ed to rem ain  in tact. Polym orphonuclear leucocytes w ere m ore 
num erous in the lam ina p ro p ria  of infected dogs than of unexposed con tro ls , '
The m ost s trik in g  fea tu re  seen  in infected dogs, how ever, was the 
p re sen ce  of b ac te ria  am ong the c ilia  and m icrov illi of su rface  ep ithelial 
cells  (F ig s . 66, 67 and 68). B acteria  w ere found very closely  apposed 
to both c ilia  and m icrov illi and w ere  possib ly  adherent to both these  
s tru c tu re s  by m eans of the fine filam entous p ro cesses  (F ig s . 67 and 68) 
m entioned below. The b a c te ria l s tru c tu re  seen in both b ronchial tis su e  
sam ples and b a c te ria l colonies rem oved from  agar p la tes , was s im ila r  to 
tha t described  fo r o ther Gram .-negative b ac te ria  (Fuhs, 1965,° van Iterson , 
1965) and for a s tra in  of Bord, b ronch isep tica (R ichter and K ress , 1967). 
B acteria  (F ig s. 67, 68 and 69) varied  considerably  in length, from  O.Sp - 
l.'Sp, but le ss  in width, about 0 ,5 p . The cell wall was com posed of 
s ev e ra l la y e rs , the ex ternal su rface  was ra th e r  ir re g u la r  o r wavy in 
appearance and fine filam entous p ro c e sse s , a lm ost certa in ly  p ili, could be 
seen  rad ia ting  from  the cell su rface . The p e rip h e ra l cytoplasm  contained 
a well defined zone of e lec tro n -d en se  ribosom es, w hilst the m o re  e lec tro n - 
lucent cen tra l nucleoid was com posed of a fine ir re g u la r  f ib r illa r  m esh in 
which co arse ly  g ranu lar e lec tro n -d en se  m a te ria l could be seen .
Serological Findings
The re su lts  of both seru m  agglutination te s ts  and ind irec t fluorescen t 
antibody te s ts  a re  sum m arised  in Table 26. Antibodies w ere not p re sen t 
in the s e ra  of any dog before exposure to infection but w ere found in the 
s e r a  in both infected and contact control dogs killed from  day 7 onw ards.
In the agglutination te s t , the end points w ere easily  read  in sp ite  of 
a cloudiness of s e ra  assoc iated  with the lipaem ia frequently  seen  in 
young dogs. T ie ind irec t im m unofluorescence te s t co rre la ted  well with 
the agglutination te s t  but was m o re  laborious to perfo rm  due to difficulty 
in obtaining adequately fixed sm ea rs  of Bord, bronchiseptica; it was decided 
to lim it future sero log ica l studies to an agglutination te s t .
V irological Findings
No known canine v iru s was found in the lungs of any dog used in the 
experim ent.
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F ig . 32 : Experim ent two - m ucopurulent nasa l d ischarge  
dog 17.
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Fig. 33 : Experim ent two - lungs of dog 16. Sm all foci of
congestion (open arrow s) a re  v isib le  on the p leu ra l 
su rface  of a ll the lung lobes and la rg e r  a re as  of 
pneum onia a re  p resen t in both left and righ t an te rio r 
lobes. The bronchial lymph nodes (closed arrow ) 
a re  en larged .
F ig . 34 : Experim ent two - lungs of dog 16. Dark, ir re g u la r  
a re a s  of pneumonia a re  p re sen t in the apical and 
card iac  lung lobes (arrow ). S m aller, 1-2 mm foci 
of congestion a re  visib le sca tte re d  over the p leu ra l 
su rface .
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Fig . 35 : Experim ent two - tra ch ea  of dog 14. A th ick , 
m ucopurulent exudate (arrow ) is p re sen t in the 
tra c h ea . The bronchial lymph nodes a re  enlarged.
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F ig . 36 : Experim ent two - bronchus of dog 14. The m ain 
bronchus of the righ t card iac  lung lobe has been 
p a rtia lly  opened along its length. A slightly  frothy, 
m ucopurulent exudate is p re sen t on the bronchial 
ep ithelial su rface . A plug of exudate (arrow ) blocks 
the lumen of the unopened portion  of the bronchus.
F ig. 37 : Experim ent two - nasopharynx of dog 15. A pool of 
mucopus (arrow ) is p re sen t in the nasopharynx 
overlying a hyperp lastic  adenoid a re a  (s ta r) .
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F ig . 38 : N orm al dog - bronchial w all. The epithelium  is thin, 
approxim ately  3 cell lay ers  thick and the lam ina 
p ro p r ia  contains very  few c e lls . The bronchial 
glands (arrow ) a re  sm all.
(HE, X 110).
F ig . 39 : Experim ent two - b ronch itis , dog 12. F our days 
a fte r  aeroso lisa tion , b ac te ria  a re  p resen t in the 
ep ithelial c ilia . The lam ina p ro p ria  is oedem atous 
and polym orphonuclear leucocytes a re  in filtra ting  
the epithelium . A purulent exudate is p re sen t in 
the  lum en.
(HE, X 400).
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Fig. 40 : Experiment two - trach e itis , dog 12. Four days
after infection, m asses of bacteria  a re  visible among 
the epithelial c ilia . The epithelium is infiltrated by 
polymorphonuclear leucocytes.
(HE, X 450).
F ig. 41 : Experiment two - tracheitis , dog 14. The tracheal 
epithelium is generally disorganised and many of 
the epithelial cells a re  necrotic; there  has been 
extensive ciliary  loss. The lamina p ropria  is 
congested and polymorphonuclear leucocytes a re  
p resen t in both the lam ina propria  and the epithelium.
(HE, X 400).
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Fig. 42 : Experiment two - bronchitis, dog 17. Twenty-one 
days after infection the bronchial wall is 
thickened (cf Fig. 38). The epithelium is thrown 
into folds and a dense cellu lar infiltrate is 
p resen t in the lam ina propria  and submucosa. The 
bronchial glands a re  distended.
(HE, X 35 ).
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Fig . 43 : Experim ent two - b ronch itis , dog 17. Foci of 
degeneration and n ecro sis  a re  v isib le  within the 
h yperp lastic  b ronchial epithelium  which is also 
in filtra ted  by polym orphonuclear leucocytes. The 
lam ina p ro p ria  is congested and contains a heavy 
ce llu la r in filtra te .
(HE, X 250).
F ig . 44 : Experim ent two - b ronch itis , dog 17. B acteria  
a re  s till  evident in the ep ithelial c ilia . The 
ce llu la r in filtra te  in the lam ina p ro p ria  is  com posed 
predom inantly  of lym phocytes. Note m arg inating  
polym orphonuclear leucocytes in v e sse l in lam ina 
p ro p ria  (arrow ).
(HE, X 400).
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F ig . 45 : E xperim ent two - exudative pneum onia, dog 14. 
Eight days a fte r  infection, foci of exudative 
pneum onia a re  p re sen t around sev e re ly  affected 
b ronchio les; the a lv eo lar a ir  spaces contain 
la rg e  num bers of polym orphonuclear leucocytes 
and m acrophages.
(HE, X 110).
F ig . 46 : E xperim ent two - exudative pneum onia, dog 16.
F ifteen days a f te r  infection, the s tru c tu re  of th is  
a re a  of lung tis su e  is a lm ost com pletely obscured  
by the in filtra tion  of la rg e  num bers of polym orpho­
n u c lea r leucocytes and m acrophages,
(HE, X 110),
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Fig. 47 : Norm al dog - nasal cavity. The nasal vestibule 
is lined by a stra tified  squamous epithelium.
(HE, X 110).
F ig . 48 : Experiment two - rh in itis , dog 15. A purulent 
exudate is p resen t in the lumen of the nasal 
vestibule 8 days a fte r infection and the stra tified  
squamous epithelium is heavily infiltrated  by 
polymorphonculear leucocytes. Polymorphonuclear 
leucocytes are  also p resen t in the lam ina propria 
which is congested and oedematous.
(HE, X 110).
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F ig . 49 : E xperim ent two - rh in itis , dog 15. The tu rb inate  
epithelium  is  in filtra ted  by polym orphonuclear 
leucocytes and the lam ina p ro p ria  is oedem atous. 
A m ucopurulent exudate is p re sen t in the  lum en 
between the sc ro lls  of the tu rb inate  bones,
(HE X 110).
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Fig. 50 : Experiment two - lymphadenitis, dog 12. Four days 
after infection, afferent lymphatic vessels and the 
subcapsular sinuses a re  dilated by oedema fluid; 
polymorphonuclear leucocytes a re  also presen t in 
the sinuses.
(HE, X 110).
Fig. 51 : Experiment two - lymphoid follicular hyperplasia, 
dog 17. Twenty-one days after infection, large  
numbers of lymphoid follicles a re  p resen t in the 
cortex of the bronchial lymph node.
(HE, X 3 5 ).
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Fig. 52 : Experiment two - Gram stained sm ear of bronchial 
exudate. Small Gram -negative bacilli are  p resen t 
singly and in sm all groups throughout the field. 
Bacilli can be seen within o r overlying poly­
morphonuclear leucocytes (arrow ).
(Gram stain, x 1200).
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Fig. 53 : Experiment two - immunofluorescence, trachea .
Four days afte r infection, m asses of positively- 
stained bac teria  produce an alm ost solid line of 
fluorescence on the surface of the trachea l epithelium, 
(F luorescent antibody, x 200).
F ig . 54 : Experim ent two - im m unofluorescence, bronchus.
Seven days afte r infection, m asses of fluorescent 
bac teria  outline the surface of the folded bronchial 
m ucosae.
(F luorescent antibody, x 250).
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Fig. 55 : Experiment two - immunofluorescence, tra ch ea . A 
focus of epithelial necrosis contains fluorescent 
bacteria  alm ost to the level of the basem ent 
m em brane (arrowed).
(F luorescent antibody, x 300),
Fig. 56 : Experiment two - immunofluorescence, bronchial
epithelium, dog 16. Clumps of fluorescent bacteria  
a re  p resent on the surface of the bronchial epithelium. 
(F luorescent antibody, x 400).
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Fig. 57 : Experiment two - immunofluorescence, nasopharyngeal 
exudate. In this sm ear of nasopharyngeal exudate 
from  dog 15, large  numbers of fluorescent, ro d ­
shaped bacilli can be seen. Some bacteria  (arrow) 
appear to be attached to a polymorphonuclear 
leucocyte.
(F luorescent antibody, x 1200).
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Fig. 58 : Normal dog - ciliated cell. The apical cytoplasm
of this ciliated cell contains numerous mitochondria 
and many sm all vacuoles. The cilia (C) are  
regularly  arranged along the luminal border and 
many slender, branching cytoplasmic p ro cesses, 
o r  m icrovilli (arrow s), a re  p resen t between 
the cilia,
( X  10,000).
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Fig. 59 : Normal dog - tran sv erse  section of cilia. Most
cilia display the usual axial filam ent complex (arrow) 
of nine p eripheral double tubules and two central 
tubules. Two compound cilia a re  p resen t : they 
contain m ultiple, complete or alm ost complete sets 
of filam ents regu larly  arranged within a common 
plasm alem m a.
(x 20,000).
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Fig. 60 : Experiment two - bronchial epithelium 4 days
after infection. The apical mitochondria in these 
ciliated cells a re  swollen (arrow) and th ere  is 
increased cytoplasmic vacuolation. Cilia a re  s till 
regularly  arranged along the luminal border.
( X 10,000).
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Fig. 61 : Experiment two - bronchial epithelium 8 days 
afte r infection. Mitochondrial swelling and 
cytoplasmic vacuolation a re  m ore severe than 
at 4 days. The cilia appear to be reduced in number 
(cf Fig. 58), The apical border of the cell is 
irreg u la r in outline and a number of cytoplasmic 
projections into the lumen are  visible; the la rg est 
of these (arrow) contains irregu larly  orientated 
ciliary  tubules.
( X 5,000).
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Fig. 62 : Experiment two - bronchial epithelium 8 days after 
infection. Two polymorphonuclear leucocytes (P) 
are  infiltrating between vacuolated and degenerating 
ciliated cells (C). The luminal border of the 
ciliated cells is extrem ely irreg u la r. A b izarre  
compound cilium containing se ts  of axial filaments 
in both longitudinal (open arrow) and tran sv erse  
(closed arrow) section can be seen.
(x 7,500).
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Fig» 63 : Experim ent two - bronchial epithelium  8 days a fte r 
infection. The c ilia ted  ce lls  (C) a re  severe ly  
vacuolated and few c ilia  a re  evident. Goblet cells  
(G) a re  p ro trud ing  into the lum en and appear to be 
d ischarg ing  la rg e  amounts of cytoplasm ic m a te ria l 
as w ell as som e s e c re to ry  granules ( s ta r ) , A 
polym orphonuclear leucocyte (P) is p re sen t in the 
lumen which a lso  contains sca tte re d  cell d e b r is .
( X 5 ,000).
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F ig . 64 : Experim ent two - phagocytosis of b a c te ria .
Pseudopodia from  th is polym orphonuclear leucocyte 
in the bronch ial lum en of an infected dog can be 
seen  extending tow ards adjacent b a c te ria  (B) and cell 
d e b ris . Two phagosom es (arrow s) containing 
engulfed and degenerating b a c te ria  a re  v isib le  
w ithin the cytoplasm .
( X 10,000).
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F ig . 65 : E xperim ent two - bronch ial epithelium  15 days 
a f te r  infection. In th is  atypical c ilia ted  cell, 
ir re g u la r ly  o rien ta ted  groups of filam ents (arrow s) 
a re  p re sen t throughout the cytoplasm .
(  X 10,000).
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F ig . 66 : E xperim ent two - b ronchial epithelium  4 days 
a f te r  infection. Many b a c te ria  (B) a re  p re sen t 
among the c ilia  and m icrov illi of the c ilia ted  
ep ithe lia l c e lls . T h ere  is sligh t sw elling of the 
ap ica l m itochondria .
( X 7 ,500).
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P ig . 67 : Experim ent two - bronchial epithelium  8 days a fte r 
infection. B acteria  (B) a re  p resen t among the c ilia  
and m icrov illi of an ep ithelial cell. The b ac te ria  
have a finely filam entous outer la y e r which may be 
adheren t to the c ilia  and m icro v illi (a rrow s).
( X 20,000).
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F ig . 68 : E xperim ent two - re la tionsh ip  of b ac te ria  to c ilia  
and m icro v illi. A bacte rium  (B) is p re sen t in 
c lose  re la tionsh ip  to both c ilia  (C) and m ic ro v illi (M). 
F ine  filam entous p ro c e sse s  on the ou te r su rface  
of the bacte rium  appear in som e a re a s  to be 
touching the p lasm alem m a of both c ilia  and 
m icro v illi (a rro w s).
( x  80.000).
1 5 3
%
F ig . 69 : U ltra s tru c tu re  of Bord, b ronch isep tica . The
b a c te r ia l cell wall (double a rrow s) consists  of a 
num ber of la y e rs  which can be recognised  by th e ir  
d iffering  e lec tron  density . The ou te r su rface  of 
the  cell w all is ir re g u la r  in outline and fine 
filam entous p ro ce sses  (single arrow s) extend from  
the  cell su rfa ce . Beneath the cell wall is an e lec tron  
dense zone of ribosom es (R). The cen tra l nucleoid 
(N) is p r im a rily  f ib r illa r  in appearance .
( x  70,000).
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SECTION 5 : DISCUSSION
Tlie re s u lts  obtained In both the above eiqperim ents show tha t 
Bord, bronch isep tica  alone, unaided by v iru se s , can produce pathological 
changes in the re s p ira to ry  tra c t  of young dogs with the developm ent of a 
c lin ica lly  evident re s p ira to ry  d isease  which sp read s  to  in -con tact an im als.
At le a s t under these  experim en ta l conditions. Bord, b ronchisep tica  m ust, 
th e re fo re , be reg a rd ed  as a p r im a ry  pathogen fo r the canine re sp ira to ry  
t ra c t .
A num ber of fac to rs  m ay be considered  as having had som e 
p a r t  in the successfu l production of the b a c te ria l re s p ira to ry  d isease  
desc rib ed  above. F irs tly , the infecting b a c te ria l s tra in  had been freshJy  
iso la ted  from  a c lin ical case  of canine re s p ira to ry  d isease  and had not been 
subjected  to  prolonged lab o ra to ry  cu ltu re; lo ss  of pathogenicity  of 
B ordetella spp.' following cultivation  on a rtif ic ia l m edia is  well recognised 
(Standfast, 1951; N akase, 1957). Secondly, the experim ental anim als used 
w ere  fully  susceptib le  to  infection; they had not p rev iously  been exposed to  
any n a tu ra lly  o ccu rring  fo rm  of re s p ira to ry  d isease  and, as fa r  as could be 
determ ined  by sero log ica l exam ination and bacterio log ica l exam ination of the 
nasopharynx,had no p rev ious experience  of the infecting organ ism . T h ird ly  
the route of infection em ployed c lose ly  re sem b le s  n a tu ra l sp read  of hifection 
and en su res  th a t the o rgan ism  can re a ch  a ll levels  of the re sp ira to ry  t r a c t  
th e reb y  allowing the b acte riu m  to e x e rt its  m axim al possib le  effect;.,
Tlie c lin ical re s p ira to ry  d isease  produced was c h a rac te rised  by 
coughing, often paroxysm al, in o therw ise b righ t and active dogs. C linical 
signs of re sp ira to ry  d isea se  in contact control anim als developed only a few 
days la te r  aid wne of equal sev e rity  to those found in an im als infected by 
ae ro so l. T here  was no d ifference in  the sev e rity  of c lin ical signs observed 
in 6 week and 12 week old an im als. Coughing p e rs is te d , in both infected and 
contact control dogs, throughout the experim ents until they w ere te rm ina ted  
at up to 21 days a fte r  infection; no dog made a c lin ical re co v ery  during the
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experim ental period . In g en era l, the c lin ical d isease  was s im ila r  to 
tha t described  in n a tn ra lly -o ccu rrin g  case s  of "kennel-cough” (Pennock 
and A rchibald, 1968),
Tlie low er re s p ira to ry  tra c t  of norm al unexposed control an im als 
w as a lm ost invariab ly  s te r ile  in co n tra s t to the upper re sp ira to ry  tra c t  from  
which a v a rie ty  of o rgan ism s was reco v ered , Bordetella b ronch isep tica  
p e rs is te d  in both upper and low er re s p ira to ry  tra c ts  in both infected and 
contact control dogs throughout the experim ental period; no dog c lea red  
the infection. While the o rgan ism  could be recovered  from  both nasa l and 
pharyngeal swabs as la te  as  21 days a fte r  infection, in som e sam ples only 
v e ry  few colonies w ere found, and, since laarge num bers of o ther b ac te ria l 
sp ec ies  w ere a lso  p re sen t in cu ltu res  from  those s ite s , som e difficulty  was 
encountered in estab lish ing  tlie p re sen ce  of Bord, b ronchisep tica  in th ese  
sam ples. In co n tra st, p rofuse , pure  cu ltu res  of Bord, b ronch isep tica  w ere 
obtained from  the tracheobronch ia l tre e  up to 21 days a f te r  infection. These 
findings a re  in ag reem en t with those of Ganaway et a l. (1965) who found nose 
and th ro a t cu ltu res  fro m  the living anim al to be unre liab le  ind ica to rs  of 
infection.
The patliological lesions induced in the low er re s p ira to ry  t r a c t  of 
dogs by infection with Bord, b ronch i sep tica  i. e ., a tracheobronch itis  with, in 
som e cases, the developm ent of focal a re a s  of exudative pneumonia, a re  
s im ila r  to those described  in experim en tal infections with the m icroo rgan ism  
in the pig (Duncan et a i. , 1966b; M eyer and Beam er, 1973) except that tlie 
pronounced vascu litis  and pulm onary fib ro sis  p re sen t in some pigs w ere not 
found in experim ental dogs. S im ilar lesions have a lso  been described  in 
Bord, b ronch isep tica  infections in the cat (Snydei; e t a b , 1973), gu inea-pig  
(Nikkels and Mullink, 1971), h o rse  (Saxegaard et al. ,1971), monkey (G raves, 
1970) and r a t  (Burek e t a l , ,1972) while Bord, p e r tu s s is  infection (whooping cough) 
in  m an a lso  has a s trik in g ly  s im ila r  h isto logical p ic tu re  (Robbins, 1974).
In the upper re s p ira to ry  tra c t  of the dog, Bord, b ronchisep tica  
infection re su lted  in a puru len t rh in itis  but no m acroscopic  o r m icroscopic  
tu rb inate  atrophy was found. N onetheless it is possib le  tha t th is  sev ere
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rh in itis , if produced a t an even e a r l ie r  age, than tha t of the dogs used in 
these experim ents could re s u lt  in abnorm al turb inate  growth; in the pig 
(Ross e t a l . , 1963b), tu rb inate  a trophy was m ost noticeable in pigs infected wltii 
Bord, b ronch isep tica  in  tlie f i r s t  days of life , 4 week old pigs being fa r  le s s  
affected.
Im m unofluorescence exam ination showed th a t although infection 
with Bord, b ronch isep tica  provoked an extensive in flam m atory  reac tio n  in 
the lam ina p ro p ria  and subm ucosa o f^rêsp ira to ry  a irw ays, the b ac te ria  
them selves w ere lim ited  to  the c ilia ted  ep ithelial b o rd e r of the re s p ira to ry  
m ucosae and did not extend into deeper s tru c tu re s  except where th e re  was 
frank  ep ithe lia l n e c ro s is ; even then, they did not pen etra te  beyond the 
basem ent m em brane. Only occasionally  w ere b a c te ria  found in a lveo lar 
a irsp ac e s  o r in l^m ph nodes. S im ilar re su lts  have been obtained using 
im m unofluorescence te  cliniques in the study of exiierirnental Bord, b ro n ch i­
sep tica  infection in the pig (Maeda and Shimizu, 1974).
E lec tro n  m icroscopy  confirm ed that b ac te ria  w ere confined to 
the  lum inal su rface  of the epithelium  but, in addition, showed th a t u l t r a - 
s tru c tu ra l changes in  the ep ithe lia l ce lls  them selves w ere w idespread, even 
w here th e re  w ere no im m edia te ly  overlying b ac te ria . These fea tu res  of the 
infection suggest tha t the ^videspread epithelial degeneration and n ecro sis  
m ay  be due not to  actual invasion by b a c te ria l ceUs but to  dam age caused 
by a b a c te ria l product, possib ly  the toxin described  by H a rris  e t a l ., (1968) 
which in te rfe re s  with m itochondrial m etabolism . The reduction  in  c ilia  
seen  on u ltr a s tru c tu ra l exam ination is  a lso  a fea tu re  of Bord, b ronchisep tica  
induced atrophic rh in itis  in the pig (Duncan and R am say, 1965); these  au thors 
a lso  reco rd ed  tlie p resen ce  of atypical c ilia ry  form ations and abnorm al cilia ted  
ce lls  not unlike those found in  the p re se n t experim en ts. It seem s lilcely that 
the in c rease  in abnorm al c ilia ted  ce lls  and c ilia  found in infected dogs is  a 
re s u lt  of e ith e r degenerative  changes induced by the b ac te ria  or th e ir  
p roducts or unsuccessfu l a ttem pts at regenera tion . . *
Among the m ost in te re s tin g  aspects  of the d isease  was the 
p e rs is te n c e  of Bord, b ronch isep tica  in the tracheobronch ia l tre e  until 21 days
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a fte r  aero so lisa tio n . Bord, bronch isep tica  has a lso  been shown to p e rs is t  
in the re s p ira to ry  t r a c t  of infected pigs fo r a m inim um  of 6 to  8 weeks 
(Ross e t a l ., 1963b). Tliis p e rs is te n c e  of infection is  re flec ted  in  both the 
c lin ical and h isto log ical fea tu re s  of the experim ental d isease : c lin ical 
re s p ira to ry  d isease  was s tiil  noticeable at 21 days post infection and 
histo log ical changes in  the re s p ira to ry  t r a c t  w ere s till  prom inent a t tills 
tim e .
The la te  stage h isto log ical changes w ere, however, d ifferent 
from  the acute in flam m atory  lesions of the ea rly  infection. T ie re  v/as 
evidence of tracheobro iicliial ep ithelial hyperp lasia , possib ly  a response  to 
the continued p resen ce  of b ac te ria  although ep ithelial hyperp lasia  can a lso  
be seen  in CAV infection a t a tim e when the causal v iru s  is no longer p re sen t 
(W right et  a i , , 1971). T h ere  was le ss  congestion and oedem a and, altliough 
polym orphonuclear leucocytes w ere s till  p re sen t in  the lam ina p ro p ria  and 
epithelium , th e re  was an extensive m ononuclear cell in filtra te , m ainly of 
lym phocytes with a few m acrophages and p lasm a ce lls , in the lam ina 
p ro p ria  and subm ucosa; tliis lymphoid cell in filtra te  m ay well re f le c t a 
continuing antigenic s tim ulus.
It is  in te re s tin g  to note tha t these  la te  stage fea ln res  of Bord. 
b ronch isep tica  infection i. e, thickening of the bronchial w alls with ep ithelial 
hyperp lasia  and m ononuclear cell in filtra tio n  of the lam ina p ro p ria , a re  • 
a lso  fea tu res  of chronic b ronch itis  in the dog (lYlieeldon, 1974) espec ia lly  
since Bord, bronchisep tica  is often iso la ted  from  dogs with th is  syndrom e 
(Wheeldon, 1974). One of the outstanding fea tu res  of clironic broncliitis is 
b ronch ia l m ucous gland hypertrophy  and hyperp lasia  and although th is  was 
not p re sen t in experim ental dogs with Bord, bronchisep tica  infection, 
b ronch ia l m ucous gland d isten tion  was noted. The ro le  of infection with 
Bord, b ronch isep tica  in  the pathogenesis of canine clironic b ronchitis  is 
obviously w orthy of fu r th e r  study.
The re a so n s  fo r the p e rs is ten ce  of Bord, bronchisep tica  in the 
re s p ira to ry  t r a c t  rem a in  obscure . R esistance to infection in the lung is
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asso c ia ted  with a wide range of fac to rs  both specific and non-specific  
(Green, 1970); among the m ost im portan t of th ese  a re  c lea ran ce  of 
inhaled p a rtic le s  by the m u cocilia ry  apparatus, phagocytosis by a lveo lar 
m acrophages (L aurenzi and G uarneri, 1963) and specific  im m unological 
m echan ism s (Bienenstock and Perey, 1972; Cantey and Hand, 1974).
M echanical c lea ran ce  of p a r tic le s  deposited on the tra c h e o ­
b ronch ia l m ucosae by the m ucociliary  apparatus is no rm ally  rap id ; G reen 
(1970) estim ated  th a t 90% of m a te ria l deposited in human sub jects was 
physically  tran sp o rted  to the la rynx  in under 1 hour. The localisa tion  of 
Bord, bronch iseptica betw een ep ithe lia l c ijia  and m ic ro v illi, possib ly  with 
a ttachm ent to these  s tru c tu re s , m ay p ro te c t these  b a c te ria  from  th is  
physical m eans of rem oval, and / o r  foci of "fixed” b a c te ria  m ay continually 
renew  the b a c te ria l population despite  the action of the m ucus e sca la to r .
It is a lso  possib le  th a t the heat lab ile  toxin has a para ly sin g  effect on tire 
ep ithe lia l c ilia  and thus m echanically  in te rfe re s  with c lea ran ce .
Phagocytosis by a lv eo lar m acrophages has been shown to be one 
of the m ain m echanism s involved in the rem oval of b a c te ria  from  the d is ta l 
lung (Green and K ass, 1964; G reen, 1968). L arge  num bers of m acrophages 
can be reco v ered  from  anim al lungs, but these  a re  m ore frequently  seen  in 
d is ta l a irw ays and a lveoli than in  the la rg e r  broncliioles^bronchi and tra ch ea . 
The re la tiv e  infrequency with wliich Bord, b ronchisep tica  w ere found in the 
a lveo lar a ir  spaces even when they  w ere num erous in adjoining airw ays m ay 
be re la ted  to  a m o re  efficient phagocytic system  at the a lv eo lar level and, 
conversely , a paucity  of effic ien t phagocytic ce lls  in the tracheobroncliial 
t re e  m ay p e rm it p e rs is te n c e  and m ultip lication  of o rgan ism s unable to be 
m echanically  rem oved fro m  th a t s ite .
C ircu lating  agglutinating antibodies to Bord, b ronch isep tica  w ere 
detected in experim en tal anim als as e a r ly  as 7 days a fte r infection; they 
indicate the ab ility  of the dog to  mount a system ic hum oral immune resp o n se  
to  th is b acte riu m . T hese m easu rab le  antibodies in the sy stem ic  c ircu la tio n  
need not however be d ire c t proof of developing im m unity to infection.
R ecent work has shown tliat local antibody production, m ainly of s e c re to ry
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im m unoglobulin A (T om asi and DeCoteau, 1969; T om asi and Bienenstock, 
1969; Bienenstock and P erey , 1972), and local cell m ediated im m une 
resp o n ses  within the lung (W aldman and Henney, 1971; Cantey and Hand 
1974) a re  b e tte r  co rre la ted  with p ro tec tion  from  infection against both 
v ira l  (W aldman, 1969) and b a c te r ia l (Bellanti et a l., 1967) re sp ira to ry  
pathogens than is  the sy stem ic  immune re sp o n se . Local im m une resp o n ses  
in ,the  lungs of experim ental dogs w ere  not m easu red  d irec tly  in these  
experim en ts but any which w ere  p re se n t appeared to have little  effect in 
reducing  o r  c lea rin g  the  burden of infection in the tracheobronch ia l tre e  
within the experim en tal p e rio d .
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PAR I III : PROPHYLAXIS OP CANINE BORDETELLOSIS
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SECTION ! : INTRODUCTION AND REVIEW OF THE LITERATURE
Vaccination, again st Bord, spp. has been attem pted, with vary ing  
su ccess , in a num ber of sp ec ies.
As e a r ly  as 1923, vaccination  was being used in attem pts to 
con tro l epidem ics of whooping cough in  m an (Lapin 1943), An A m erican  
'Study (Kendrick and E ldering , 1939) showed that the use of B ord.p e r tu s s is  
vaccine re su lted  in p ro tec tion  ra te s  against whooping cough of 90% and 60% 
resp ec tiv e ly  of vaccinated  ch ild ren  exposed to  d isease  a t school and in the 
fam ily  home when com pared with non vacc ina tes . F ield  t r ia ls  in B ritain  
(M edical R esearch  Council, 1956 and 1959) have a lso  dem onstrated  tha t 
Bord, p e r tu s s is  vaccines can be highly effective in controlling  the clin ical 
d isease ; w idespread use of such  vaccines has re su lted  in a v e ry  m arked 
d ec rea se  in the rep o rted  incidence of p e rtu s s is  in B ritain  (Edsall, 1975),. 
P e rtu ss is  vaccines in rou tine use consis t of killed, detoxified b ac te ria l 
suspensions; vaccines p rep a red  with alum inium -containing adsorben ts as 
adjuvants have been esp ec ia lly  w idely used (Joo, 1969) since experim ental 
evidence suggests tha t th ese  adsorben ts m ay in c rease  the potency of sim ple 
b a c te r ia l suspensions,
V acchiation against Bord, bronch isep tica infection has been 
attem pted m various an im al spec ies  but has not been as consisten tly  
successfu l as has vaccination  agam st Bord, p e r tu s s is  in m an. W ickert e t a l ., 
(1958)used a sim ple , h eat-k illed , fo rm alin -preser\^ed  b a c te ria l suspension 
of Bord, b ronch isep tica  to  vaccinate  r a ts  by a subcutaneous rou te . 
Agglutinating antflDodies w ere detected in the se ra  of vacc in a tes , and challenge 
in tran asa l in s tilla tio n  o r n a tu ra l exposure to d isease  re su lted  in few er deaths 
in  vaccinates than in unvaccinated con tro ls ; to ta l p ro tec tion  was not, how ever, 
achieved by th is  prophylactic  reg im e .
As e a r ly  as 1920, F e r r y  and H( sk ins, although recognising  tha t 
"snuffles" in rab b its  was not due to the action of any one m icroorgan ism , 
nonetheless claim ed th a t con tro l of th is d isease  could be achieved by 
inoculation with a tr ip le  vaccine p rep ared  from  Bord, b ronchisep tica , Bact.
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leptisepticuiTi and Staph, albus. However, Bull and McKee (1928) repo rted
that' while subcutaneous injection of heat killed Bord, b ronch isep tica  re su lted  
in detectab le c ircu la ting  antibody lev e ls , anim als im m unised in th is  m anner 
w ere as susceptib le  to  infection as non-im m unised con tro ls.
hi m ice, p ro tec tio n  from  in tran asa l challenge and com plete 
elim ination  of the challenge o rgan ism  from  the re s p ira to ry  tra c t  followed 
in trap  e r  it one al inoculation v/ith a vaccine p repared  from  the challenge 
s tra in  of Bord, b ronch isep tica  (W insser, I960); the method of vaccine 
p rep a ra tio n  was not specified .
In the guinea-pig, Ganaway et al .  (1965) re p o rted  that a single 
in tram u scu la r in jection of a fo rm alin ised  b ac te ria l suspension of Bord. 
b ronch isep tica  em ulsified  in F reunds incom plete adjuvant re su lted  in the 
production of high se ru m  levels  of agglutinating antibody, p ro tec tion  from  
re s p ira to ry  d isease  due to the b ac te riu m  and com plete e lim ination  of the 
organ ism  from  the re s p ira to ry  tr a c t .  Nikkels and Mullink (1971), a lso  
reco rd ed  p ro tec tion  from  d isease  and elim ination of the o rganism  a fte r 
inoculation with a s im ila r ly  adjuvanted vaccine.
Studies in the  p ig  have shown that nasa l and tra c h ea l re s is ta n c e  
to  re in fec tion  v/ith v iru len t Bord, bronchisep tica  develops a fte r c lea ran ce  of 
v iru len t Bord, b ronch isep tica  from  the re s p ira to ry  t r a c t  by sulphonam ide 
th erapy  and a f te r  n a tu ra l c lea ran ce  from  the re sp ira to ry  tr a c t  of a low - 
v iru len ce  s tra in  of B ord .b ro n ch iseptica  (H arris  and Sw itzer, 1969), 
C ircu lating  antibodies w ere not detected  in the s e ra  of anim als which had 
c lea red  the low -v iru lence  s tra in , even although they v/ere fully re s is ta n t 
to re in fection . In the sam e se r ie s  of experim en ts, re s is ta n c e  to re in fec tion  
was not produced by repeated  in tram u scu la r inoculation of a fo rm alin ised  
b a c te r ia l suspension, although high serum  t i tr e s  of agglutinating antibody 
w ere detected in im m unised an im als.
Subcutaneous inoculation of son ica ted  b ac te ria l suspensions of 
B ord .b ronch isep tica  and Bo rd .p e r tu s s is  em ulsified with Freunds incom plete 
adjuvant s im ila rly  failed to produce re s is ta n c e  to in tran asa l infection with
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v iru len t Bord, b ronch isep tica  (H arris  and Sw itzer, 1972); vaccinated
an im als did, how ever, show acce le ra ted  clearance  of the b a c te ria  from  tlie 
re s p ira to ry  tra c t  com pared to unvaccinated co n tro ls . A ccelerated  
c lea ran ce  was not seen  when a suspension  of Bord, b ronch isep tica  in 
F reunds incom plete adjuvant was given to piglets, a lread y  n a tu ra lly  
infected with Bord, b ro n ch isep tica  (Kosliimizu e t ah ,1973) but re s is ta n c e  
to  infection was found in the co lostrum -fed  p ig lets of sows p rev iously  
vaccinated  with th is  sam e adjuvanted ^suspension (Koshimizu e t al. ,1973).
F ro m  tlie above evidence, it would appear tha t p a re n te ra l v acc in ­
ation with Bord, broiicli i sep tica  can re s u lt  in a degree of p ro tec tion  from  
d isease  due to th is  m ic ro o rg an ism  in a t le a s t some anim al spec ies. In view 
of th is , and of the successfu l use of vaccination in the control of the re la ted  
d isea se  of whooping-cough in m an, i t  was considered worthwhile to  in v e s t­
igate  the effects of vaccination  on experim ental infection with Bord, b ro n ch is ­
ep tica in the dog. A s e r ie s  of experim en ts w ere th e re fo re  undertaken  in  
which the incidence and course  of infection with Bord, b ronch isep tica  w ere 
m onitored in dogs vaccinated  with p rep a ra tio n s  of the challenge s tra in  of 
o rgan ism .
1 6 4
SECTION 2 : MATERIALS AND METHODS
Experim ental Anim als
Eight week old, healthy puppies w ere obtained, housed and 
m aintained in isolation as desc rib ed  in Part II, Section 2.
Vaccine P reparation
Two types of vaccine w ere used in these experim ents; the f i r s t  
was a sim ple, h eat-k illed  suspension of Bord, b ronch isep tica , the second 
consisted  of a s im ila r  suspension adsorbed with alum inium  hydroxide.
Heat "killed vaccine: asep tic  techniques w ere used throughout the p repara tion  
of th is  vaccine. Typical, low -passage colonies of Bord, b ronch isep tica  
52498/3 w e re  inoculated onto n u trien t blood ag ar p la te s . A fter 48 hours 
aerob ic  incubation at 37°C the grov4h was washed off the ag ar p la tes  with 
s te r ile  norm al saline  (SNS). The suspension obtained was centrifuged fo r 
l i  hours a t 670 x g on an MSB re fr ig e ra te d  centrifuge and the p rec ip ita te  
resuspended  in fre sh  SNS. C entrifugation and re  suspension was perfo rm ed  
th ree  tim es in a ll, Tlie final b a c te ria l suspension was adjusted to a 
concentration  of 20 x 10^ o rg an ism s/m l using p rev iously  calib rated  opacity 
tubes and the b ac te ria  w ere then heat-k illed  by incubating fo r 2 hours in a 
w ater bath at a tem p era tu re  of 56^C. The vaccine was s to red  at 4®C until 
use  which was within 3 vreeks of p rep ara tio n . Im m ediately before use the 
suspension was tested  fo r s te r ili ty  by bacterio log ica l techniques.
Aluminium hydroxide adsorbed  vaccine: a com m ercial form ulation of 
alum inium  hydroxide (Alhydrogel : Superfos E xport C o ., Denm ark) was 
used in the p rep ara tio n  of the vaccine. A suspension of Bord, b ronch isep tica  
52498/3 was p rep ared  by repeated  centrifugation as described  above. The 
final concentration  was adjusted to  44 x 10^ o rg an ism s/m l and the b a c te ria l 
suspension v/as then heat-k illed ; 12 m l of Alhydrogel diluted 1 : 9 in s te r ile  
w ater was then added to  each 10 m l of b ac te ria l suspension; the proportions 
and concentrations of b a c te ria l and A lhydrogel suspensions had been prev iously  
determ ined  by repeated  tr ia l  (W eir, 1973) to give m axim um  adsorption of
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b ac te ria  and the re q u ired  final concentration  of 20 x 10^ o rg an ism s/n il. 
The adsorbed m a te ria l appeared  as a flo ccu lar p rec ip ita te  which, when 
req u ired  for inoculation, could be re  suspended by gentl e shaking, Tlie 
vaccine v/as s to red  a t 4^C until u se , again witliin 3 weeks of p repara tion . 
As vnth the sim ple heat-Id lied  vaccine, the p rep ara tio n  v/as te sted  fo r  
s te r i l i ty  before use.
A eroso lisa tion  Procedure
N ecropsy  P rocedures 
H isto log ical P rocedures
B acterio logical P rocedures
Tlie sc w ere iden tical to those prev iously  d escribed  in P a rt II,
Section 2.
Im m unofluorescence P rocedures
These w ere identical to those p rev iously  described  in P art II, 
Section 2, but, in addition, sam ples of lung tissu e  w ere stained with a 
com m ercial p rep a ra tio n  of flu o resce in  isothiocyanate conjugated rab b it an ti- 
canine globulin globulin (Sylvana C o ., L td . , USA) in o rd e r to dem onstra te  
the p resen ce  of globulin containing ce lls  in the lung tis su e . This 
com m ercial p rep a ra tio n  was diluted 1 : 20 v/ith phosphate buffered saline  to 
overcom e non-specific  background fluorescence.
Serological P rocedures
Tlie se ru m  agglutination te s t  was used to de tec t c ircu lating  
antibodies to Bord, b ro n ch isep tica . The method used was identical to 
th a t d escribed  in P art II, Section 2.
V irological P rocedures
Sam ples of lung taken at necropsy  w ere exam ined for the p resen ce  
of canine v iru se s  as d escribed  in Part I, Section 2.
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SECTION 3 : EXPERIMENT THREE - HEAT KILLED VACC.TNB
E xperim enta l Design
A to tal of 13 puppies w ere used in th is experim ent. Routine 
bacte rio lo g ica l exam ination during  the p re lim in a ry  iso lation  period  had 
shown th a t Bord, b ronch isep tica  was not p re sen t in the nose o r pharynx of 
th ese  dogs and sero log ica l exam ination failed to rev ea l any antibody to the 
b ac te riu m  in th e ir  s e ra , Tlie puppies w ere random ly allocated  to two 
groups. The f i r s t ,  vaccinated group consisted  of 7 dogs v/liicli w ere to be 
inoculated with the h eat-k illed  vaccine; the second group of 6 dogs acted as 
an, unvaccinated control,
Tlie he a t-k illed  vaccine was given on 2 occasions a t an in teiw al of 
a fortn ight, Tlie dogs w ere 8 weeks old a t the tim e  of the f i r s t  inoculation.
On each  occasion 1 m l of the vaccine was adm in istered  by in jection  deep into 
the biceps fem oris  m uscle  m a ss .
Two weeks a f te r  the second inoculation of vaccine, i .e .  when the 
dogs w ere 12 weeks old, both vaccinated  and unvaccinated contro l groups w ere 
challenged by exposure to an a e ro so l of Bord, b ronch isep tica  52498/3. Both 
before  and a f te r  challenge all dogs w ere m aintained in a common a irsp ac e .
P a irs  of dogs, one from  each  group, w ere sulisequently killed a t the following 
in te rv a ls  a fte r challenge infection : 5 days; 9 days; 11 days; 16 days; 30 days, 
Tlie rem ain ing  3 dogs i. e. 2 vaccinated  and 1 control, w ere lulled 33 days 
a f te r  challenge infection.
All 13 dogs w ere m onitored daily  throughout the vaccination and 
challenge period fo r c lin ical evidence of d isease . N asal and pharyngeal swabs 
w ere taken from  each dog a t weekly in te rv a ls  throughout the vaccination period  
and then daily from  the day of challenge until death; these  swabs w^ere exam ined 
fo r the p resen ce  of Bord, b ro n ch isep tica . Serum sam ples w ere obtained from  
each  dog at in te rva ls  throughout the experim ental period  and a lso  a t post 
m ortem  exam ination; these  w ere exam ined for agglutinating antibodies to 
Bord, b ronch isep tica .
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At necropsy , sam ples w ere taken from  each dog fo r h is to - 
pathological, im m unofluorescence, bacterio log ica l and v iro log ica l 
exam ination.
C lin ical Findings
All dogs, from  both groups, rem ained  healthy throughout the 
vaccination  period . Inoculation with the heat-k illed  vaccine had no 
c lin ica lly  d iscern ib le  effect on the dogg. ■ Pyrexia was not detected 
following vaccination, th e re  was no tissu e  reactio n  at the s ite  of injection and 
no dog becam e lam e.
A fter challenge aero so lisa tio n , both vaccinated and control groups 
developed c lin ical signs of re s p ira to ry  d isea se . Signs of d isease  w ere 
confined to  the re sp ira to ry  tra c t  and a ll dogs rem ained  active and continued 
to  ea t no rm ally  following infection. At no tim e did any dog develop pyrex ia .
As in previous experim en ts, the predom inant c lin ical sign was 
coughing, the incidence of which is  shown in F ig . 70. All m em bers of the 
unvaccinated contro l group w ere coughing by 4 days a f te r  infection, the onset 
of coughing being a lm ost synchronous in th is  group. Coughing was m ost 
sev e re  between 8 and 12 days a f te r  infection but p e rs is te d  spasm odically  
throughout the experim en tal period . By com parison, the onset of 
re s p ira to ry  d isease  in the vaccinated  group was delayed and was spread  
over a num ber of days coughing com m encing as la te  as 8 days a f te r  
Infection in som e dogs. Once coughing was evident in the vaccinated dogs 
it was, how ever, as sev e re  and as p e rs is te n t as in the unvaccinated an im als. 
Dogs from  both groups ir re g u la r ly  exhibited a serous or mucoid nasa l d ischarge  
betw een 7 and 16 days a fte r  infection.
Pathological Findings
L postm ortem  exam ination significant 
findings in the re sp ira to ry  tra c t  w ere s im ila r  in both vaccinated and un- 
vaccinated dogs. T here  w ere no g ro ss  changes in the lungs of e ith e r dog 
killed five days a fte r infection but in all dogs killed from  9 days onw ards, red  
foci, up to 3 mm in d iam eter, could be seen on the p leu ra l su rface  and in  the
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substance of all lobes of the lungs. Q uantities of m uco-pus could be found 
in the trach ea  (Fig. 71) and la rg e  bronchi of both dogs killed 11 days a fte r 
infection. Mucopus was a lso  found in the p o s te r io r nasopharynx of 
vaccinated dogs killed on days 9 and 11 and of unvaccinated con tro ls killed 
on days 5, 9, 11 and 16. Tlie n asa l-m u co sa  was congested except in dogs 
k illed  a t 30 and 33 days a f te r  infection and mucopus could occasionally  be 
seen in the s c ro lls  of the ethm oid tu rb inate  bones; th e re  was no evidence 
of tu rb inate  atrophy o r d is to rtio n  in any of the dogs.
The bronch ial and re tro p h ary n g ea l lymph nodes w ere enlarged 
to  about twice norm al size  in dogs from  both groups but w hilst those of 
the vaccinated group w ere ce llu la r , f irm  and white, those of the unvaccinated 
dogs killed from  5- 11  days w ere congested and oedm natous with 
haem orrhag ic  foci. The palatine to n sils  w ere enlarged in th ree  dogs from  
both  groups wM lst the adenoid reg ion  of all dogs appeared prom inent (Fig. 72).
The only o ther significant findings were sm all a re a s  of fibrous 
tis su e  in the biceps fem o ris  around the s ite s  of inoculation in vaccinated 
dogs,
T_ H istopathological findings, sum m arised  in 
Table 27, w ere qualita tive ly  s im ila r , in both groups of dogs to those 
p rev iously  described  in experim en ts  one and two. The lesions p re sen t in ' 
the re sp ira to ry  tr a c t  of vaccinated  dogs killed 5, 9, and 11 days a fte r  infection 
w ere slightly  le ss  sev e re  than those seen in the uiivaccinated control dogs.
Tills sparing  effect was evident only in the e a r l ie r  phase of Infection : in dogs 
killed  from  16 days onw ards, histopathological changes w ere of equal 
sev e rity  in both groups of dogs.
In the re s p ira to ry  t r a c t  up until 16 days post infection these 
findings w ere s im ila r  to  those which have been p rev iously  described  in 
experim ents one and two. Tlie re  was rh in itis  and tracheobronch itis  v/ith 
congestion, oedema and polym orphonuclear leucocyte in filtra tion  of the 
lam ina p ro p ria  and epithelium ; m asses  of G ram -negative b ac te ria  could 
be seen among the ep ithe lia l c ilia . In the bronchial tre e , the mucous glands
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w ere dilated and, with in c reas in g  duration  of infection, the bronch ial 
ep ithelium  becam e th ick e r and throw n into folds, w liilst m ononuclear ce lls  
becam e m ore prom inent in the ce llu la r  in filtra te  in the lam ina propria^
In the dogs k illed 30 and 33 days a f te r  infection, lym phocytes w ere s till  
p re se n t In the lam ina p ro p r ia  of the bronchial tre e  but la rg e r  num bers of 
lym phocyte w ere found in. the subm ucosa w here, occasionally , fo llic les  w ere 
found (Fig. 73). Lym phocytes and p lasm a ce lls  w ere p re sen t around the 
b ronch ia l glands which, although no longer so obviously dilated , w ere s till  
p rom inen t (Fig. 74). The epithelium  was hyperp lastic  and was longitudinally  folded
with m any plump goblet ce lls  located  at the base of these  folds. Sm all foci 
of b a c te r ia  w ere s t il l  p re se n t among c ilia  and, underly ing such a re a s , th e re  
was congestion of v e sse ls  in the lam ina p ro p ria  and in filtra tio n  of polym orpho­
n u c lea r leu.cocjrtes into both lam ina  p ro p ria  and epithelium . Exudate was 
s t i l l  p re sen t in  the lum en and was m ain ly  mucoid in c h a ra c te r . In the tra c h ea  
a t th is  stage, the m ain  change was ep ithe lia l hyperp lasia  and dedifferentiation; 
in  one vaccinated  dog. No. 29, killed  a t 33 days, th e re  w ere d is tin c t a re a s  of 
squam ous m etap lasia  in the tra c h e a l epithelium . In the lung parenchym a of 
dogs killed a t 30 and 33 days th e re  w ere in c reased  num bers of m acrophages 
in the a irsp ac e s  and sm all accum ulations of m ononuclear c e lls , m ainly  sm all 
lym phocytes, around sm all venules and lym phatics. At th is  stage, changes in  
the tu rb in a te s  w ere confined to  sm all foci of congestion w ith occasional 
polym orphonuclear leucocyte in filtra tio n  of the epithelium : sm all foci of 
lym phocytes w ere a lso  found in the lam ina p ro p ria .
. In the b ronch ia l and re tro p h ary n g ea l lym ph nodes of unvaccinated 
dogs killed up to 11 days a fte r  ae ro so lisa tio n  th e re  was congestion and oedem a 
fluid was p re sen t in the s in u ses  w here m any m acrophages and polym orphe.- 
n u c lea r leucocytes w ere a lso  p re sen t. The lymph nodes of vaccinated 
dogs killed at these  tim es  w ere le s s  congested and oedem atous but 
in flam m atory  ce lls  w ere s t i l l  evident in p e rip h e ra l s in u ses . In a ll vaccinated  
dogs and in uiivaccinated dogs killed  from  16 days onw ards, m any w^ell 
developed fo llic les  w ere p re se n t in the co rtex  and la rg e  num bers of p lasm a 
c e lls  w^ere found in the m edu lla ry  co rd s .
1 7 3
In the palatine  and adenoid tonsils  th e re  was m arked lymphoid 
fo llicu la r hyperp lasia  iji dogs killed on and a fte r day 16.
B acterio logical Findings
The reco v ery  of Bord, b ronchisep tica  from  p re -m o rte m  n asa l 
and pharyngeal swabs is  shown in T ables 28 and 29. In both groups of dogs, 
Bord, b ronchisep tica  was reco v ered  up to the term ina tion  of the experim ent. 
The b ac te riu m  was m ore read ily  iso lated  in the f i r s t  fortn ight of infection 
than in the la te r  s tages and, in the f i r s t  8 days, reco v ery  was le ss  
consisten t from  the vaccinated  dogs than from  the uiivaccinated con tro ls. 
Profuse cu ltu res  of B ord .b ronch isep tica  w ere , how^ever, recovered  from  
individual swabs from  both groups of dogs even during the la s t  few days of 
the experim ent.
The re c o v e ry  of Bord, bronch isep t ica from  tis su e s  sam pled at 
postm ortem  exam ination is  shovm Table 30, R egard less of vaccination 
s ta tu s o r length of tim e a f te r  challenge, B ord.b ronch isep tica  was found 
throughout the length of the re s p ira to ry  tra c t ,  hi the low er re s p ira to ry  
tra c t  Bord, b ronch isep tica  was p re se n t in pure cu lture , except in two dogs 
in which a few colonies of an N e isse ria -lik e  organism  were a lso  reco v ered  
from  the tracheobronch ia l t r e e .  In the upper re sp ira to ry  tra c t,
Bord, b ro nchisep tica  was found in assoc ia tion  with a num ber of other 
b a c te ria  (see Table 30). B ord .bronch isep tica  was reco v ered  only 
sporad ica lly  and then only in sp a rse  cu ltu re  from  the bronchial and r e t r o ­
pharyngeal lymph nodes and tonsil; Staphylococcus spp , and S treptococcus 
spp . w ere the o rgan ism s m ost frequently  reco v ered  from  these  tis su e s , but 
even these  w ere p re sen t only in sp a rse  cu lture .
T here  was no evidence of increased  c learance  of Bord. 
b ronch isep tica  from  the re s p ira to ry  tra c t  of dogs during the la te r  phases of 
infection: heavy (-HT) and profuse (-H-H-) cu ltu res w ere s ti l l  obtained in dogs 
killed  30 and 33 days a f te r  challenge.
Im m unofluorescence Findings
The re su lts  of stud ies c a rr ie d  out using Bord, b r onchiseptica
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specific  fluo rescen t a n tise ra  w ere qualita tively  and quantitatively  s im ila r  
in th is  experim ent to  those d escribed  in experim ent two. Bord, b ronchi sep tica  
was dem onstrated  on the ex te rn a l su rface  of the tracheobronch ia l epithelium  
as late  as 33 days a f te r  challenge, although, at th is tim e, only sm all clum ps 
of the o rganism  w ere found in conti'ast to the a lm ost continuous b ac te ria l 
coating p re sen t e a r l ie r  e ,g .  a t 9 days a fte r infection. T here  was no 
difference between the vaccinated and unvaccinated dogs. Sm all groups 
of fluo rescen t b a c te ria  w ere occasionally  localised  in the pe rip h era l 
s in u ses  of re tro p h ary n g eal lymph nodes o r ju st beneath the to n s ila r  
epithelium .
In sections of lung stained with specific , flu o rescen t an ti-can ine  
globulin globulin, positive ly  stained  p lasm a ce lls  could be located in b ronchial 
subepithelial t is su e s . These w ere p re sen t in g re a te s t num bers in dogs killed  
a t 30 and 33 days, and they  w ere found, w ith,equal frequency, in both 
vaccinated  and unvaccinated dogs.
Staining of tis su e s  with specific  CAV and CDV a n ti- s e ra  failed to 
rev ea l any v ira l antigen in any of the dogs used hi th is experim ent.
Serological Findings
The re s u lts  of the seru m  agglutination te s ts  a re  shown in Table 31. 
C ircu lating  antibodies to Bord, b ronch isep tica  v/ere not detectab le  in any dog 
a t the s ta r t  of th is  experim en t. V accination resu lted  in a rap id  r is e  in 
c ircu la tin g  antibody, t i t r e s  being detectab le 7 days a fte r in itia l vaccination. 
T itre s  continued to r is e  vdtli the second inoculation of vaccine, reacliing 
th e ir  h ighest levels  one week before challenge; on the day of challenge, 
t i t r e s  had fallen slightly  from  th is  peak but w ere s till  high at levels  of 256 
o r 512. A eroso lisa tion  of vaccinated  dogs re su lted  in sligh tly  in creased  
antibody t i t r e s  by day 9 but th is  in c rease  was only to  those levels p rev iously  
achieved by vaccination alone, F ro m  day 9 until the experim ent was 
te rm in a ted , the agglutinin, t i t r e  tended to declhie, although th is  was a 
g radual p ro c e ss , hi the unvaccinated contro ls antibody was not detectab le 
un til a.fter challenge infection which resu lted  in a rap id  in c rease  in antiliody 
t i t r e  to levels com parable  with those found in vaccinated dogs. Levels in
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vaccinated and unvaccinated dogs w ere v e ry  s im ila r  by 30 and 33 days a f te r  
infection.
V iro log ical Findings
No v iru s  iso lations w ere achieved from  tis su e s  from  any dog 
used in this experim ent.
Fig. 71 : Experiment th ree  - trachea, dog 26. The tracheal 
mucosa Is congested and a large amount of viscid, 
mucopurulent exudate is present in the lumen.
F ig. 72 : Experiment th ree  - pharynx, dog 26. The palatine 
tonsils (arrow s) are  enlarged. The adenoid tonsil 
in the dorsal nasopharynx (starred) is prominent 
and congested.
1 8 0
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Fig . 73 : Experiment th ree  - bronchiolitis, dog 29. The
lamina p ropria  of this bronchiole is hyper cellu lar 
and a follicle-like aggregation of lymphocytes is 
p resen t in the submucosa.
(HE, X 110).
Fig. 74 : Experiment th ree  - bronchial gland, dog 29. A
cellu lar infiltrate composed mainly of lymphocytes 
and plasm a cells is  p resen t around a prominent 
bronchial gland acinus (A).
(HE, X 400).
1 8 1
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FOUR - ALUMINIUM HYDROXIDE
12 puppies, random ly divided into 2 groups of 6 were used in this
experim ent. As in previous experim ents the dogs did not harboui' Bord.
bronchiseptica in the nasopharynx and had no circulating antibodies to the 
organism .
The firs t, vaccinated group was inoculated with 1 ml of the aluminium 
hydroxide-adjuvanted vaccine by deep in tram uscular injection on 2 occasions, 
a fortnight apart; tlie puppies were 8 weeks old a t the tim e of the f irs t  inocul­
ation. m e  vaccinated group and the rem aining unvaccinated control group were 
subsequently challenged by exposure to an aerosol of v iru len t Bord, bronchiseptica 
2 weeks a fte r the second dose. After challenge, the dogs were mainW ned in 
a common airspace until 17 days afte r infection when the rem aining vaccinated 
anim als were moved to a clean, separate airspace.
One dog from  each group was killed on days 5 and 7 afte r challenge 
while 2 dogs from each group were killed on days 13 and 20. P re - and post­
m ortem  investigations in these dogs were identical to those described fo r 
experim ent three except that in immunofluorescence studies tissues were not 
stained with labelled rabb it anti-canine globulin globulin.
Clinical F indings
All 12 dogs rem ained healthy until a fte r challenge. No clinical
reaction to Inoculation with the adjuvanted vaccine was noted in any of the
vaccinated group.
After challenge, clinical s ig n s  of re sp ira to ry  d isease became 
apparent in all 6 unvaccinated control anim als but in only 2 of the vaccinated 
dogs (Fig. 75 ). In the unvaccinated group 5 dogs were coughing by 4 days 
a fte r infection and the rem aining m em ber of this gr-oup was also  affected by 
8 days after challenge. A harsh, paroxysm al cough persisted  in each dog 
until It was killed i. e. up until 20 days a fter infection in two anim als.
1 8 2
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Fig. 75 : Experim ent four - incidence of coughing.
Coughing was m ost sev e re  in dogs 47 and 48 from  10 days a fte r  challenge 
onwards; while th ese  an im als rem ained  playful and w ere never pyrexic 
th e ir  appetites w ere d ep ressed  from  day 15 onwards. All contro l dogs 
developed an excessive  se ro u s  o r mucoid nasa l d ischarge  which was 
ir re g u la r ly  p re sen t betw een days 5 and 13,
In the vaccinated group, 4 dogs rem ained  free  of c lin ical evidence 
of re s p ira to ry  d isease  tlxroughout the experim ent. Dog 40 was f i r s t  found 
to  cough 3 days a f te r  challenge but, in com parison  with the con tro ls  coughimg 
in  th is  dog was of sh o rt duration , la stin g  only until day 10. The rem ain ing  
m em ber of the vaccinated group, dog 42, rem ained  healthy until 17 days a f te r  
challenge when a sh o rt, h a rsh  cough developed. Paroxysm al coughing was 
not reco rded  in e ith e r of these  dogs. An excessive  serous d ischarge  was 
occasionally  found in 4 of the 6 dogs in th is  group. No o ther evidence of 
d isea se  was found.
Pathological Findings
ÊEÉHiEHl. T here  w ere m arked d ifferences in the sev e rity  
of p o s t-m o rtem  findings betw een the vaccinated and unvaccinated control groups.
In the vaccinated group no g ro ss  abnorm alities w ere detected in the 
lungs of dog 37, killed a t 5 days, while the only finding in the lungs of the 
rem ain ing  5 dogs was the p resen ce  of occasional sm all red  foci, up to  1 mm In 
d iam e te r, both on the p leu ra l su rface  and in the lung sulDstance (Figs, 76 and 78). The 
bronch ia l and re tro p h ary n g ea l lymph nodes of a ll dogs in th is  group w ere 
f irm  and fleshy  in consis tency  and enlarged to about i j  tim es norm al s ize .
The adenoids of dogs killed  a t 13 and 20 days w ere a lso  enlarged and in one, 
dog 39 killed at. 13 days, d is tin c t haem orrhag ic  foci w ere p re sen t at th is  s ite .
In the unvaccinated con tro l group, the p o s t-m o rtem  find mgs w ere 
m uch m ore sev e re , Mucopus was found both in the tra ch ea  and along the 
length of the bronch ial tre e  in a ll 6 dogs. In addition, haem orrhag ic  foci up 
to  3 m m  in d iam ete r w ere found throughout the lungs of dogs killed on days 
7 and 13 w hilst la rg e r  consolidated a re a s  of exudative pneum onia w ere evident in
1 8 4
the a ite r io r  lung lobes of bothdogs killed on day 20 ( F ig s . 77 and 79).The bronchial and 
re tro p h a ry n g ea l lymph nodes of a ll dogs in  th is  group w ere congested and 
en larged  to about tw ice n o rm al size  with occasional localised  haem orrhag ic  
a re a s . In a ll dogs except No. 48 killed a t 20 days, quantities of mucopus 
w ere p re sen t in the nasopharynx overlying the adenoids; in both an im als 
killed  on day 13 a m ucopurulent exudate was a lso  p re se n t over the m iddle 
and ethm oid tu rb in a te s ,
the histopathological findings In these  groups 
of dogs a re  su m m arised  in  Table 32.
H istological changes in the vaccinated group of dogs w ere m ild .
At 5 days a fte r infection the only abnorm al finding in  the low er re s p ira to ry  
t r a c t  was an occasional sm all group of b a c te ria  in the c ilia  of the la rg e r  
bronchi; reac tio n  to  th ese  b a c te ria  was confined to sligh t congestion and 
oedem a of the underly ing lam ina p ro p r ia  with the p resen ce  of a few p o lym or­
phonuclear leucocytes and m ononuclear ce lls  in the ep ithelium  and lum en in 
the im m ediate a re a  of the b a c te ria . A few G ram -negative b ac te ria  w ere 
a lso  found on the tu rb in a te  epithelium  of th is  dog with localised  polym orpho­
n u c lea r leucocyte in filtra tio n  of the adjacent epithelium  from  underlying 
a re a s  of c ap illa ry  congestion. In the b ronch ia l and re tro p h ary n g ea l lymph 
nodes, th e re  was som e p e rip h e ra l sinusoidal oedem a with som e polym orpho­
n u c lea r leucocytes p re se n t in the sinuses and m edullary  cords but th e re  was 
a lso  lymphoid fo llicu la r h y p erp lasia .
No abnorm al liistopathological findings w ere noted in the lov/er 
re s p ira to ry  t r a c t  of the vaccinated  dog killed at day 7 (Fig.SO). There was 
a m ild rh in itis  s im ila r  to  th a t seen  in the vaccinate killed on day 5; lym ph 
node changes w ere a lso  s im ila r  to those seen  a t 5 days.
At 13 days p o st infection th e re  was m ore g en era lised  oedem a of the 
lam ina p ro p ria  along the length  of the tracheobronch ia l tre e . G ram -negative 
b a c te r ia  w ere occasionally  identified  in ep ithe lia l c ilia , often surrounded by 
m acrophages and a few polym orphonuclear leucocytes. Tlie bronch ial 
glands w ere prom inen t, som e, though not a ll, being d ila ted  and p lasm a
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c e lls  w ere found individually  and in sm all groups around the g lands. In the 
lung parenchym a, sm all foci of m ononuclear ce lls , m ainly  lym phocytes, 
w ere found around sm all blood v e sse ls . A m ild focal rh in itis  was p re se n t 
in these  two dogs. In the b ronchia l and re tropharyngeal lymph nodes and 
palatine  and adenoid to n s ils  th e re  was m arked  lymphoid fo llicu la r h)/perplasia 
and many p lasm a ce lls  w ere  p re sen t in the m edullary  a re a s  of the lymph 
nodes.
Changes a t 20 days post infection w ere v e ry  s im ila r  to those at 
13 days except tha t m ore  m ononuclear ce lls  w ere p re sen t in the lam ina 
p ro p r ia  of the tracheobronch ia l t re e  (Fig, 82) and the sm all, c e llu la r accum ulations 
in  the lung parenchym a w ere m ore  prom inent (Fig. 84), Tlie se  foci w ere 
often found around sm all blood v e sse ls  o r next to te rm in a l and re s p ira to ry  
b ronchio les; they w ere com posed m ainly of lym phocytes but som e 
m acrophages and polym orplis w ere p re sen t, usually  a t the p e rip h e ry  of the 
fo c i.
The only o ther s ign ifican t h istopathological finding in tis su e s  taken  
fro m  vaccinated dogs was a t the s ite s  of vaccine inoculation. Many la rg e  
active m acrophages w ere found in the connective tis su e  of these  a re a s ; 
som e p lasm a ce lls  lym phocytes and a few polym orphs w ere a lso  p re sen t.
In the uiivaccinated group, infection with Bord, b ronchisep tica  
re su lted  in a m ore sev e re  liistopathological p icu tre  which was s im ila r  to 
tha t which has been d escribed  in p revious experim en ts. T liere was sev e re  
tracheobronch itis  (F igs, 81 and 83): in itia l acute inflam m atory  changes of congestion, 
oedem a and polym orphonuclear leucocyte in filtra tion  w ere followed by 
ep ithe lia l d iso rgan isa tion , n e c ro s is  and hyperp lasia  with increasing  m ono­
n u c lea r ce ll in filtra tion  of the lam ina p ro p ria  and suJimucosa; G ram - 
negative b a c te ria  w ere found in the c ilia  of the tracheobronch ia l epithelium  
in a ll 6 dogs exam ined. In the lung parenchym a th e re  was in itia lly  a lveo lar 
m u ra l cap illa ry  congestion with in c reased  num bers of a lv eo lar m acrophages 
and som e polym orphonuclear leucocytes p re sen t in the a lv eo la r a irsp a c e s . 
However in dogs killed a t 20 days a f te r  infection a re a s  of exudative pneum onia 
had developed around sev e re ly  affected bronchioles: the a lveoli in these
1 87
a re a s  w ere packed witli po lym orphonuclear leucocytes and m acrophages and 
a t the p e rip h e ry  of such a re a s  th e re  was a lveo lar congestion and oedem a.
Rhinitis was p re se n t in a ll unvaccinated dogs but was m ost sev e re  .In 
those k illed on day 13 when an extensive m ucopurulent exudate was found 
overly ing a re a s  of tu rb inate  ep ithe lia l n e c ro s is  with extensive congestion and 
in flam m atory  ce ll in filtra tio n  of the sub ep ithelial tis su e s .
Lym phadenitis was p re se n t in the bronch ial and re tro p h ary n g ea l 
nodes; congestion, s inuso idal oedem a and polym orphonuclear leucocyte 
in filtra tio n  was found up to  13 days a fte r  infection; a t 20 days a fte r  infection, 
polym orphonuclear leucocy tes w ere s t il l  noticeable in the m edu lla ry  cords 
but th e re  was a lso  c o rtic a l fo llicu la r hyperp lasia  and la rg e  num bers of p lasm a 
c e lls  w ere p re sen t in  the m edu lla ry  co rds.
B ac te riological F indings
The re c o v e ry  of B ord .b ronch isep tica  from  n asa l and pharyngeal 
sw abs p ro -m o rte m  is  shown in Table 33. In the unvaccinated group, the 
b ac te riu m  was reco v ered  from  a lm ost ev ery  sam ple taken from  one day 
a f te r  infection until the la s t  dogs w ere killed on day 20. In p rev ious 
experim en ts, b a c te r ia l re c o v e ry  had tended to be le ss  co n sis ten t and le ss  
p rofuse  a fte r the f i r s t  2 weeks of infection, but in th is  experim en t Bord, 
b ronch isep tica  was iso la ted  as  con sis ten tly  and in à p rofuse c u ltu re  in the th ird  
week of infection as in the p reced ing  2 w eeks.
In the vaccinated  group, in the f i r s t  17 days of infection. Bord, 
b ronch isep tica , although reco v ered  from  sam ples from  a ll 6 anim als was 
iso la ted  much le s s  co n sis ten tly  than from  the con tro l group although those 
vaccinated  an im als w ere  in  the sam e a irsp ace  as, and w ere, th e re fo re , under 
constant challenge from  the co n tro ls . A fter the rem ain ing  two vaccinates 
w ere moved to a c lean  a irsp ace  of one dog; Bord, b ronch isep tica  could not 
be identified in sam ples taken  from  the o th er dog.
B acterio logical exam ination of the sam ples taken a t postm ortem  
exam ination also  rev ealed  d ifferences in the iso lation  of B ord .b ronch isep tica
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betw een the vaccinated  and unvaccinated groups (Table 34), In a ll 
unvaccinated dogs, Bord .b ro n ch ise p tica  was reco v ered  in p ro fuse , a lm ost 
invariab ly  pu re  cu ltu re  from  the tracheobronch ia l tre e . The b ac te riu m  
could a lso  be iso la ted  from  tlte lung parenchym a in pure , though le ss  
p ro fuse  cu ltu re  and, in  asso c ia tio n  with o ther b a c te ria  from  the tu rb inate  
m ucosae.
In vaccinated  dogs killed from  5 to 13 days a f te r  infection th e re  was 
l ittle  d ifference in the re c o v ery  of Bord, b ronch isep tica  from  the tu rb in ates  
when com pared with the unvaccinated group. In the low er re s p ira to ry  
t ra c t ,  however, the b ac te riu m  was reco v ered  only from  the bronchi, w here 
i t  was found in consisten tly  s p a r s e r  cu ltu re  than in the con tro l an im als.
T his d ifference betw een the two groups v/as even m ore  m arked  in the dogs 
k illed  at 20 days which had been  in a c lean  a irsp ace  fo r 3 days before killing 
and w ere, th e re fo re , no longer under constant challenge: Bord, b ronch iseptica  
could be iso la ted  in only v e ry  sp a rse  cu ltu re  from  only one s ite  in each  dog.
R ecovery  of b a c te r ia l spec ies  from  to n sil and lym ph nodes was 
s im ila r  in both groups of dogs.
Im m unoflu o re s conce F indings
Bord, b ronch isep tica  was localised , by stain ing  with specific  
flu o rescen t a n tise ra , on the b ronch ia l and b ronch io lar ep ithe lia l su rface  
in  a ll 6 unvaccinated dogs. In the two unvaccinated dogs killed  at 20 days 
a f te r  infection, which had a re a s  of exudative pneumonia, sm all clum ps of 
b a c te r ia  w ere a lso  found in the a lv eo lar a irsp ac e s .
In the vaccinated  dogs. Bord, bro nchisep tica  could be found in only 
sm a ll nunrbers on only the b ronch ia l epithelium  of dogs killed  from  day 5 to  
13. The organ ism  could not be identified in e ith e r dog killed on day 20,
Staining with CDV and CAV specific  a n tise ra  did not rev ea l any 
v ira l  antigen in any tis su e  exam ined.
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Serological Fiiidiiigs
T)ie re su lts  of the se ru m  agglutination te s ts  perfo rm ed  in the 
co u rse  of th is  experim en t a re  shown in Table 35.
C ircu la tm g  antibodies to  Bord, b r onchiseptica  v/ere not found in 
any dog at the s ta r t  of tliis experim ent. In the vaccinated group, the f i r s t  
inoculation of vaccine re su lted  in a slow r is e  in c ircu la ting  agglutinin t i t r e  
to  Bord, b ro nch isep tica. T itre s  ro se  m ore  sharp ly  a f te r  the second 
inoculation and a t the tim e of a e ro so l challenge, vaccinated anim als had 
t i t r e s  of 1 : 256 o r 1 : 512 to  the infecting bacte rium . T his level of 
c ircu la tin g  antibody was m aintained o r slightly  in c reased  in the vaccinated 
dogs in the 20 day period  of infection.
In the unvaccinated con tro ls se ro log ica l exam ination for antibodies 
to  Bord, b ro nch isep tica  was con sis ten tly  negative until a f te r  challenge 
infection; th is  re su lted  in a r is e  in t i t r e  to 1 ; 64 a t 20 days post infection.
V iro logical F indings
No known canine v iru s  could be iso lated  from  the  lung tissue  of any 
dog used in th is  experim en t.
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F ig . 76 : Experim ent four - lungs of dog 41. The lungs of 
th is  vaccinated dog killed  20 days a f te r  infection 
appear a lm ost com pletely n o rm al. Only a few 
sc a tte re d  foci of congestion (arrow s) a re  v isib le  on 
the  p leu ra l su rface .
F ig . 77 : E xperim ent four - lungs of dog 47. The lungs of th is  
unvaccinated control dog k illed  20 days a fte r infection 
have extensive dark  a re a s  of exudative pneumonia in 
the  ap ica l, card iac  and a n te r io r  d iaphragm atic  
lung lobes.
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F ig , 78 : E xperim ent four - tra ch ea  of dog 41. The
tracheobronch ia l tre e  of th is vaccinated dog is free  
of exudate.
F ig . 79 : Experim ent four - trach ea  of dog 47. In th is
unvaccinated control dog a frothy m ucopurulent 
exudate is p re sen t along the length of the 
tracheobronch ia l t r e e .
195,

F ig . 80 : Experim ent four - bronchi, dog 38. The bronchial 
t r e e  of th is  vaccinated dog killed  7 days a fte r 
infection appears n o rm al.
(HE, X 35 ).
F ig , 81 : E xperim ent four - bronchi, dog 44. A sev e re
bronch itis  is p re sen t in th is un vaccinated control 
dog killed  7 days a fte r  infection. A purulent 
exudate is p re sen t in the lum en and th e re  is 
in filtra tion  of ce lls  into the lam ina p ro p ria  and 
epithelium . The bronchial glands a re  d istended.
(HE, X 35 ).
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Fig , 82 : Experim ent four - bronchial wall, dog 41. A sm all 
focus of lym phocytes in the lam ina p ro p ria  is 
the only notable fea tu re  in the bronchial wall of th is 
vaccinated dog killed 20 days a fte r infection.
(HE, X 250).
F ig . 83 : Experim ent four - bronchial wall, dog 47. In th is 
unvaccinated control dog killed 20 days a fte r 
Infection th e re  is a sev e re  b ronch itis . The 
hyperp lastic  bronchial epithelium  is in filtra ted  by 
polym orphonuclear leucocy tes. B acteria  a re  v isible 
in the ep ithelial cilia  (arrow) and a m ucopurulent 
exudate is p re sen t in the lum en. The lam ina 
p ro p ria  and subm ucosa contain a heavy ce llu la r 
In filtra te .
(HE, X 250).
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F ig . 84 : Experim ent four - lung parenchym a, dog 41.
Twenty days a fte r infection in a vaccinated dog, a 
sm all venule (V) in the lung parenchym a is 
surrounded by lym phocytes. A few m acrophages and 
polym orphonuclear leucocytes a re  also p re sen t.
(HE, X 400).
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SECTION 5 : DISCUSSION
111 the expe3:.tDients desc rib ed  above, a ttem pts w ere made to 
Im m unise susceptib le  dogs against B ord .bronchisep tica  infection. The 
vaccination  reg im es  employed in these experim ents w ere identical except 
fo r  the mode of p resen ta tio n  of the antigen : in experim en t th re e , the 
antigen was a sim ple b a c te r ia l ce ll suspension; in  experim ent four, the 
sam e quantity of the sam e b a c te r ia l ce lls  was given by the sam e rou te , 
but the b a c te ria  w ere adsorbed  onto an alum inium  hydroxide p rep ara tio n . 
D espite th is  s im ila rity  in vaccination  reg im es, som e d ifferences in the 
c lin ical, bacte rio lo g ica l and pathological findings w ere observed.
The sim ple vaccine had little  effect on the developm ent of c lin ical 
re s p ira to ry  d isease ; p ro tec tion , if any, was lim ited to  a delay  in onset of 
re s p ira to ry  d isease  of betw een 1 and 5 days when com pared with the con tro ls . 
In co n tra s t, the adjuvanted vaccine re su lted  in a m easu re  of p ro tec tion  from  
re s p ira to ry  d isease ; c lin ica l d isea se  was evident in only 2 of the 6 vaccinated  
dogs w hilst a ll 6 unvaccinated an im als w ere affected, hi addition, c lin ical 
signs reco rded  in the 2 vaccinates w ere of sh o rte r  duration  and of le s s e r  
sev e rity  than those in the con tro ls .
The su p e rio rity  of the adsorbed vaccine was a lso  dem onstrated  by 
both p ro -a n d  p o s tm o rtem  b ac te rio log ica l findings. In experim ent th re e , 
the only d ifference betw een vaccinated  and control groups p re -m o rtem  was 
tliat Bord, b ronch isep tica  was iso la ted  le s s  consisten tly  from  the nose and 
th ro a t of the vaccinated  dogs in the f i r s t  8 days of in fec tion . T here  was no 
such d ifference in the reco v e ry  ra te  of Bord, b ro n chisep tic a in the la te r  stages 
of the experim ent and the p o s tm o rtem  bacterio log ica l findings in the 
re s p ira to ry  t r a c t  w ere iden tical in both vaccinated and contro l groups. In 
experim en t four, re co v ery  of B ord .b ronch iseptica  from  nose and th ro a t 
swabs of vaccinated dogs was a lso  le s s  consisten t than from  con tro ls, but 
th is  d ifference in re c o v e ry  ra te  was p re sen t not m ere ly  in the in itia l s tages 
but throughout the infection period . At n e c r o p s y  th e re  was 
a lso  a considerable  d ec rea se  in recovery  of Bord, b ronch isep tica  from  the 
low er re s p ira to ry  t r a c t  of vaccinated  dogs when com pared with con tro ls .
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The m acroscop ic  and m icroscop ic  findings showed m arked 
d ifferences in the 2 experim en ts. In experim ent th ree , the pathological 
changes in both vaccinated and con tro l groups were s im ila r  to those described  in 
experim en ts one and two; the only effect of vacchiation was a reduction in the 
sev e rity  of these changes in the in itia l s tages of infection. In co n trast, 
the pathological changes in  the re s p ira to ry  tra c t  of vaccinated  dogs in 
experim en t four w ere m uch le s s  sev e re  when com pared to those found in 
con tro l an im als, hi p a rtic u la r , the sev ere  tracheobronch itis  so 
c h a ra c te r is tic  of the d isea se  seen  in the contirols was not evident in the 
vacc ina tes  nor w ere la rg e  num bers of G ram  - nega ti.v e b a c te ria  found in the 
c ilia  of the re s p ira to ry  ep ithelium . Pathological changes in the re s p ira to ry  
t r a c t  of vaccinated an im als w ere confined to sligh t oedem a of the lam ina 
p ro p r ia  in the tracheobronch ia l tre e , sm all foci of pol)m ioi'phonuclear 
leucocyte and m ononuclear ce ll in filtra tion  of the epithelium , often beneath 
sm all groups of b ac te ria  in the ep ithe lia l cilia .pnoderate m ononuclear cell 
accum ulation in the lung parenchym a and tracheobronch ia l lam ina p ro p ria  
and sub m ucosa and sligh t d isten tion  of the subm ucosal b ronch ia l m ucous 
g lands.
F ro m  these re su lts , it can be .seen tha t the p ro tec tion  afforded 
against Bord, b ronch isep tica  infection by im m unisation with a killed b a c te ria l 
ce ll suspension.is lim ited  to  a sh o rt delay  in onset of c lin ical re sp ira to ry  
d isease , a possib le  re flec tio n  of the in itia l sparing  effect on the pathological 
and bacte rio lo g ica l fea tu res  of the d isease . Wlietlier vaccination with tlie 
sim ple  suspension used in experim en t th ree  would la te r  have re su lted  in 
m ore rap id  reco v ery  from  infection cannot be evaluated since , a t the 
term ina tion  of the experim ent, dogs from  both groups w ere s tü l harbouring 
b ac te ria ; even at 33 days p ost-in fec tion  th e re  was no evidence of c learance  
of the bacte rium  from  the re s p ira to ry  tra c t  of e ith e r vaccinated or un- 
vaccinated  dogs.
In con trast; im m unisation  with the sam e killed  bacterifil cell 
suspension adjuvanted with alum inium  hydroxide re su lted  in substan tia l 
p ro tec tion  from  re s p ira to ry  d isease  due to Bord, b ro n ch isep tica ; p ro tec tion  
was assoc ia ted  with d ecreased  reco v ery  of the infecting o rgan ism  from  the
2 0 0
re s p ira to ry  tra c t  and absence of pathological changes n o rm ally  associated  
with Bord . b ronch isep tica  infection.
It m ay be tha t the degree  of p ro tec tion  afforded by the vaccine in 
experim en t th ree  was challenge dose dependent i .e .  a sm a lle r  challenge 
dose would have re su lted  in g re a te r  p ro tection . C ertain ly , the challenge 
to  which vaccinated dogs w ere subjected was v e ry  high, consisting  of boüi 
exposure during aero so lisa tio n  and p e rs is te n t, p o s t-ae ro so lisa tio n  exposure 
in the fo rm  of continued contact with infected control dogs. The adjuvanted 
vaccine, how ever, provided a g re a te r  degree of protection despite s im ila r 
high Initial b a c te ria l challenge and p o s t-ae ro so lisa tio n  exposure. hi the 
experim ent with the adjuvanted vaccine the vaccinated  dogs m aintained 
in c reased  c learance  of Bo rd .b ronchisep tica  from  the r e ^ i r a t o r y  tra c t, 
com pared with unvaccinated an im als, throughout the experim en tal period; 
a lso , when the .rem ain ing  vaccinated  dogs w ere rem oved to a clean a ir  space 
a t 17 days a f te r  aero so lisa tio n , and w ere th e re fo re  no longer subjected  to 
constant challenge from  infected con tro ls, Bo rd .b ronch isep tica  was a lm ost 
e n tire ly  e lim inated from  the re s p ira to ry  tr a c t  within 3 days. This suggests 
th a t the reco v ery  of b a c te r ia  from  the re s p ira to ry  tra c t  of vaccinated  dogs 
in  the in itia l s tages of the experim en t was, to  som e extent, due to physical 
c a r r ia g e  of b a c te ria  derived  from  continued exposure to unvaccinated, infected 
c o n tro ls ,
The su p e rio rity  of the alum inium  hydroxide adjuvanted vaccine in 
providing c lin ical, bac te rio lo g ica l and pathological p ro tec tion  from  
re s p ira to ry  d isease  due to  Bord, b ro nchiseptica was not p a ra lle led  by a 
s im ila r  su p e rio rity  of the vaccine in stim ulating  the c ircu la tin g  antibody 
re sp o n se , m easured  in th ese  experim en ts by die se ru m  agglutination te s t.
The re su lts  of th ese  te s ts  show that in experim ent th ree , at the tim e of 
challenge, serum agglutinin t i t r e sw ere declining slightly  from  an e a r l ie r  
peak  but w ere s til l  high a t 256 and 512; in experim ent four, agglutinin 
t i t r e s  w ere s t il l  r is in g  a t the tim e of challenge but the absolute levels 
p re sen t, 256 and 512, w ere iden tical to those tn experim en t th re e . It is  
difficult th e re fo re , to a sc rd ie  the su p erio rity  of the adjuvanted vaccine 
so lely  to its  effect on tlie sy stem ic  immune response; o ther immune
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m echanism s m ust a lso  be. involved.
Successful vaccination  is dependent upon efficien t stim ulation  of those 
a rm s  of the im m une resp o n se  concerned with p ro tec tion  against n a tu ra lly  
o ccu rrin g  d isea se . P a ren te ra l vaccination  has long been recognised  as 
providing substan tia l p ro tec tion  against d isease  caused by o th er m ajo r 
canine pathogens such as  canine d is tem p er v iru s  and canine infectious 
hepatitis  v iru s . In th ese  d isea ses 'p ro tec tio n  is w e ll-co rre la ted  with the 
sy stem ic  immune response ; p a re n te ra l vaccination with antigens derived  
from  these v iru se s  is  effective in stim ulating  th is  response; hence, the 
vaecinated  anim al becom es re s is ta n t to  the d isease . The ro le  of the 
sy stem ic  im m une resp o n se  in p ro tec tion  against those infectious d isea ses  
which ex ert th e ir  m ajo r effect a t so lely  mucous su rfaces  is , however, much 
le s s  c e rta in  and in re c en t y e a rs  in c reasin g  attention has been paid to the 
ro le  of local immune re sp o n ses .
The concept of local im m une re sp o n ses , independent of the system ic  
re sp o n se , was f i r s t  postu lated  by B esredka in 1919. L a te r  stud ies, dem on­
s tra ted  that in d isea ses  such as  cho lera  (Burrows e t a l . , 1947) and influenza 
(Fazekas De St. G roth e t a l . , 1951) re s is ta n c e  to infection was b e tte r  
co rre la ted  with the p re sen ce  of antibodies in : g astro  -in tes tin a l and 
re s p ira to ry  tr a c t  sec re tio n s  ra th e r  than with the p resence  of serum  antibodies. 
M ore recen tly , it has been shown that the m ajo r c la ss  of im m unoglubulin 
in ex ternal sec re tio n s  is IgA (Tom asi e j^ a l., 1965) which, in serum , fo rm s 
only a m inor component of to ta l im m unoglobulin; m oreover, it would 
appear that the IgA p re se n t in ex tern al excretions is  produced locally , 
w ithin the m ucosae of the s e c re t  ory  su rfaces  (Tournville e t a l . , 1969) 
and has d is tin c t chem ical and biological p ro p e rtie s  when com pared with 
se ru m  IgA (Tom asi and Bienenstock, 1968), As a re su lt of these investigations 
th e re  has been vddespread acceptance of B esredka 's  postulate of a d is tin c t 
local im m une system  which is involved in the pro tection  of s e c re to ry  
su rface s  from  potential pathogens (Tom asi and De Coteau, 1969; Waldman,
1970; Bienenstock and Percy, 1972); as in the system ic  immune response^the 
local response  consis ts  of both hum oral (Tom asi, 1970) and cell ■ m ediated 
(Henney and Waldman, 1970; Waldman and Henney, 1971) e ffecto r a rm s ,
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In the re s p ira to ry  tra c t  in p a r tic u la r , it  has been shown that tlie local 
im m une response  is  p r im a r ily  involved in re s is ta n c e  to a num ber of v ira l  
and b a c te ria l re sp ira to ry  pathogens (Smith et a l . , 1966; Bellanti et a l . , 1967; 
P erk ins et a l . , 1969 ; W aldman e t a l . ,  1969; Brunnel et a l . , 1974;
Smith, 1975)* these pathogens having m common th e ir  localization, a t le a s t 
in itia lly , to tlie re sp ira to ry  tr a c t .
Investigations into the efficacy of vario u s  rou tes of vaccination in 
s tim ulating  local im m une re sp o n ses  within tlie re sp ira to ry  tra c t  have shovm 
tha t, although tlie m ost e ffic ien t metliod is  by d irec t application of antigen 
to the re s p ira to ry  tra c t  e .g .  by using an ae ro so l to deposit antigen along the 
re s p ira to ry  m ucosa, none theless, p a re n te ra l vaccination can, in certa in  
c ircu m stan ces , s tim ula te  the developm ent of both local re sp ira to ry , hum oral 
( Wigley et a l . , 1970; W aldman and Henney, 1971) and ce ll-m ed iated  
(Waldman and Henney, 1971; Wald naan e t a l . ,  1972; Nash and Holle, 1972 ) 
im m unity . The efficacy of p a re n te ra l vaccination in stim ulating  these local 
re sp o n ses  seem s to be dependent on the n a tu re  of the antigen involved, the 
am ount p resen ted  and the mode of p resen ta tion  (Bienenstock and Perey, 1972; 
K a ltre id e r , 1976). The use of live i . e .  rep lica ting  antigen, la rg e  doses of 
antigen o r the incorporation  of adjuvants ap pears  to re su lt  in a t le a s t p a r tia l 
break-dow n of the re la tiv e  independence of system ic and local im m une sy stem s.
Since, In infection with Bord, br onchis eptica, tlie bacterium  is  la rg e ly  
confined to the ex tern a l su rface  of the re sp ira to ry  m ucosa, it seem s likely  
tha t local immune re sp o n ses  within the re sp ira to ry  tra c t  w ill be im portan t in 
reco v ery  from  infection and prevention of fu rth er d isea se . Evidence for tliis 
hypolliesis is  availab le both from  the w ork of previous in v estiga to rs  and 
from  the p re sen t s e r ie s  of ex p erim en ts . In the p ig (H arris  and Sw itzer, 1969), 
it  w as found that an im als with high c ircu la ting  andliody ti tre s  to Bord, 
b ronch isep tica  a s  a re su lt  of p a re n te ra l vaccination with a killed b ac te ria l 
ce ll suspension w ere  not re s is ta n t to challenge infection by the re sp ira to ry  
ro u te . However p igs inoculated in tra -n a sa lly  with a lov/ virulence s tra in  
w ere  subsequently re s is ta n t to challenge even although no c ircu la th ig  antibodies 
to Bord, b ronchiseptica  could be detected In th e ir s e ra .  The developm ent of 
local immune resp o n ses  wlthm the lung could w ell account fo r the re s is ta n c e  
of these In tra -n asa lly  inoculated an im a ls . This fa ilu re  of high c ircu la ting
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antibody levels to c o rre la te  with pro tection  from  a e ro so l challenge with 
Bord, b ronch isep tica  in the pig has been observed by o ther w o rk ers  
(Koshimizu et a l . ,  1973). I l ie s e  findings in the pig would appear to be 
equivalent to the situation p reva iling  in experim ent th ree  above w here 
p a re n te ra l vaccination resu lted  in a good c ircu lating  antibody response  but 
little  re s is ta n c e  to challenge infection.
Ind irec t evidence fo r the involvem ent of local im m unity in Bord . 
bronch isep tica  infection com es from  tlie extensive m ononuclear cell 
in filtra te  found in the lam ina p ro p ria  and subm ucosa of the tracheobronch ia l 
tre e  of infected dogs. This in filtra te , seen in infected unvaccinated an im als 
in experim ents one, two tlrree and four may be a reflection  of developing 
local immune reac tio n s  within the re sp ira to ry  tra c t  as a resp o n se  to 
estab lished  infection . The re s u lts  of im m nnofluorescence exam ination of 
lung tissue  in experim ent th ree  a lso  indicate the p resen ce  of increasing  
im m une resp o n ses  within the re s p ira to ry  tra c t  : staining for canine globulin 
revealed  the p re sen ce  of positively  stained ce lls  (plasm a ce lls) in sub- 
ep ithe lia l tis su e s , the num ber of positive  ce lls  in c reasin g  w ith the duration 
of infection.
In evaluating the re su lts  of experim ents th ree  and four, the probable 
im portance of local im m unity in Bord, bronchisep tica  infection m ust be 
considered . In experim ent th ree , th e re  w as, undoubtedly, stim ulation of 
the system ic  immune response  evinced both by the high t i t r e s  of c ircu lating  
antibody and the h isto log ical response  of lymph nodes and tonsils  to vaccination; 
even a t 5 days post challenge these lymphoid tis su e s  w ere  reac tiv e , with 
lymphoid fo llicu la r hyperp lasia  and ce llu la r p ro lifera tio n  in thymic dependent 
a r e a s .  The course  of infection in the lung w as, nonetlie less, iden tical to 
that seen in con tro l an im als, the vaccinates, like the co n tro ls , developing 
a m ononuclear cell in filtra te  in the tracheobronchia l tre e . T here  was no 
c lin ica l o r histopathological evidence of a p rev iously  sensitized  local immune 
system  mounting an effective defence against infection. Tlie re  w as, how ever, 
even at 5 days post challenge m arked Inflam m ation v/ith extensive congestion 
and oedema in tlie tracheobronch ia l tre e  of the vaccinated dogs. This ea r ly  
inflam m atory  reaction  may have allowed leakage of serum  im m unoflobulins into 
the re sp ira to ry  tra c t  re su ltin g  in som e anti-B ordetella  ac tiv ity . Such leakage
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would occur extensively  only a fte r  inflam m ation of the re sp ira to ry  tra c t had 
developed; even then, the to ta l am ount of specific immunoglobulin reaching  
the re sp ira to ry  sec re tio n s  would not be large  and these serum  Imm unoglobulins, 
lacking the "pro tective" sec re to ry  p iece of locally  synthesized immunoglobulin, 
would be liable to rapid p ro teo lysis  and loss of activ ity  : developm ent of the 
a lread y  established d isease  p ro c e ss  would thus tend to be re ta rd ed  ra th e r  than 
suspended.. T ransudation of serum  im m unoglobulinscould, hov/ever, account 
fo r the degree of p ro tec tion  achieved i . e .  the decreased  consistency of 
reco v ery  of Bord. b r  on chi septica from  nose and th roat swabs and the slightly 
le s s e r  degree of severity  of pathological changes observed in the in itia l phases 
of infection in the vaccinated group.
In experim ent four, a s  in experim ent th ree , there  was sero log ica l 
and h isto log ical evidence of stim ulation of the system ic immune re sp o n se .
The o ther re su lts  obtained, hov/ever, differed not m erely  quantatively but 
qualitatively  from  tliose in experim ent th re e . Protection w as associated  with 
c lea ran ce  of b ac te ria  from  the re sp ira to ry  tra c t and a lm ost com plete absence 
of the inflam m atory changes seen in the co n tro ls .
In the vaccinated dogs a t 5 and 7 days post challenge, the lymphoid 
. ce lls  p re sen t in the lam ina p ro p ria  and subm ucosa of the tracheobronchial 
t re e  did not appear to be in creased  in num ber; those p re sen t could, how ever, 
have been sensitized  to Bord, bronch isep tica  by the vacchiation p rocedure  
and therefo re  capable of mounting an effective defence against infection. It 
m ay be significant that although there  w as only slight ce llu la r in filtra tion  of 
the epithelium  in tlie se dogs, the in filtra te  which was observed contained a 
high proportion of m ononuclear cells  in co n trast to the con tro ls in which the 
ep ithe lia l in filtra te  was composed predom inantly  of polym orphonuclear 
leucocy tes. At 13 and 20 days post challenge, m ononuclear cells  w^ere m ore 
obvious in the lungs of the vaccinated dogs, although never reaching  the 
num bers found in unvaccinated an im als; they w ere found, in p a rtic u la r , in 
sm all foci around sm all v e sse ls  and bronch io les. Tills increased  num ber of 
lymphoid s e r ie s  ce lls  could be a reflec tion  of response  to the continued 
antigenic stim ulation provided by repeated  challenge from  the infected co n tro ls .
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Tliese re su lts , i . e .  tlie lack of p ro tection  from  d isease  in experim ent 
th re e  despite  high c ircu la ting  antibody levels, tlie degree of pro tection  
achieved in experim ent four with apparen tly  s im ila r stim ulation of the system ic 
im m une response  and the d ifferen t c e llu la r resp o n ses  in the lungs following 
challenge in the two experim en ts, provide Ind irect evidence that, in experim ent 
four, use of the alum inium  hydroxide adjuvanted vaccine resu lted  in 
stim ulation of additional im m unological m echanism s to those operating  
following inoculation of the sim ple heat^killed vaccine of experim ent th re e .
It is  probable that these additional m echanism s com prise  e ith e r o r both of the 
local hum oral and ce ll m ediated immune re sp o n ses  which a re  involved in 
p ro tec tion  against many localized re s p ira to ry  d ise a se s . No d irec t evidence 
in support of th is hypothesis was obtained in these experim en ts and confirm ation 
w ill n ece ss ita te  m easu rem en t of such p a ra m e te rs  a s  immunoglobulin -m ediated 
an ti-B ordetella  ac tiv ity  in bronchial sec re tio n s  and B ordetella-specific  ce llu la r 
re sp o n ses  v/ith in the lung.
E xperim ental Bord, b ronchisep tica  infection in the dog v/ould provide 
a good com parative m odel system  for -fu rth e r study of the Immune response  
of the re sp ira to ry  tra c t  to b a c te r ia l infection; tlie ro le  of vario u s  com ponents 
of the immune re sp o n se  in re s is ta n c e  to infection; and the m ost effective 
m etliods of providing im m unoprophylaxis against re sp ira to ry  d isea se .
The increased  efficacy of adjuvanted vaccine m ust depend on the effect 
of the alum inium  hydroxide. Adjuvants a re  widely employed in die m edical
and biological sciences .................... in making bad antigens into good
ones and persuad ing  good ones to do even b e tte r ."  (White, 1966), T heir 
effect on the local im m une system  is , like th e ir  p re c ise  mode of action, by 
no m eans c lea r; it is , how ever, of note that in those investigations in which 
p a re n te ra l vaccination has re su lted  in m easurab le  local immune resp o n ses  
within the re sp ira to ry  tra c t, adjuvants have usually been incorporated  with 
the im m tm izing antigen (Waldman and Henney, 1971; W aldman et al . , 1972),
The mode of action of alum inium  hydroxide in p a rtic u la r  is equally 
uncertain  but there  is som e experim en tal evidence that A lhydrogel, the 
p rep ara tio n  used in th is  experim ent, can, divorced from  adsorbed  antigen, 
have a d irec t s tim ula to ry  effect on the re ticu lo -endo the lia l system  (T e rry ,c t a l , ,1966).
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PART IV : CHEMOTHERAPY OF CANINE BORDETELLOSIS
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SECTION 1 : INTRODUCTION AND REVIEW OF THE LITERATURE
A wide range of chem otherapeutic agents is now available for use in the 
m anagem ent of m icrob ial d isea se . The ra tionale  for the u se  of such drugs 
in contagious b ac te ria l d isease  is tv/ofold : f irs tly , to produce in the individual 
am elio ration  of sym ptom s and m ore rap id  reco v ery  from  disease," secondly, ■ 
to p reven t fu rth er sp read  of d isease  in the population as a whole. In addition, 
in  d iseases  of known v ira l aetiology the use of an tibacteria l chem otherapeutics 
may be indicated if th e re  is evidence of superim posed  b ac te ria l involvement 
com plicating the p rim ary  d isease  p ic tu re .
The choice of an app rop ria te  antib io tic o r o ther chem otherapeutic 
agent depends on a range of fac to rs  including the nature  of the causal 
m icroo rgan ism , the host anim al and the type of d isease  involved. Thus, 
d ifferen t species of b a c te ria  vary  in th e ir  sensitiv ity  to d ifferent groups of 
antibiotics," an individual anim al o r species m ay be p a rticu la rly  susceptib le  
to  side effects produced by a given antibiotic; and trea tm en t even with an 
antib iotic  which is effective against the causal agent in v itro , may be ineffective 
if the d isease  involves an organ o r system  which, for anatom ical reaso n s, 
th a t p a r tic u la r  antibiotic is unable to reach  in sufficient concentration. F or 
th ese  reaso n s , the only absolute c rite r io n  of efficacy of an an tibacteria l agent 
is the response  of affected individuals to therapy .
In view of the frequency with which Bord, b r onchiseptica is involved 
e ith e r on its  ovm  o r with o ther agents in the causation of re sp ira to ry  d isease  
in the dog, it is im portan t that the cheom therapeutics used in such d isease  
should be active against th is  bac te riu m .
T h ere  have been no reco rd ed  investigations of the efficacy of individual 
an tib io tics against Bord, b ronch isep tica  infections in the dog. However, 
antib io tic sensitiv ity  te s ts  of s tra in s  of Bord, bronchiseptica recovered  
from  dogs with clin ical tracheobronch itis  have shown that the organism  is 
sen sitiv e , at le a s t in v itro , to a num ber of antib iotics ; novobiocin, 
te tracy c lin e , am picillin , chloram phenicol, ery throm ycin  and kanomycin 
(W ilkins and Holland, 1972). In addition, a num ber of studies have been
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m ade of the effect of chem otherapy on non-specific  re sp ira to ry  d isease  in 
the dog in which various agents - n itro furan to in , colistin , cephalothin, 
tylosin and am picillin  - have been shown to have some degree  of success 
in controlling the d isease  p ro c e ss  (M osier, 1955; Mann and Bjotvedt, 1964; 
Snow et a l . , 1969; Baker and H uebner, 1970)^
A num ber of re p o rts  have appeared in the l ite ra tu re  com m enting on 
the effect of chem otherapy on Bord, br onchi sep tica infection in species 
o ther than the dog. Rosen e t a L , (1954) trea ted  ra ts  with a num ber of 
chem otherapeu tics; strep tom ycin  and sulphonam ides w ere  re la tiv e ly  
ineffective but oxytetracycline given o ra lly  as  a feed additive controlled 
both m o rta lity  and c lin ical d isea se . In guinea pigs (Ganaway et a l . , 1965) 
sulpham ethazine given in drinking w ater was effective in controlling  
m o rta lity  due to Bord, b ronch isep tica ; th is trea tm en t did not however 
elim inate  the d isease  since m orbidity  and m orta lity  ro se  sharp ly  when 
trea tm en t w as discontinued. In the pig it has been shown that sulpham ethazine 
and sulphethoxypyridazine can e lim inate the organism  from  the re sp ira to ry  
tra c t of both n a tu ra lly  and experim entally  Infected pigs (Switzer, 1963). 
C learance  of Bord, bronch isep tica  from  the re sp ira to ry  tra c t  of pigs has 
a lso  been rep o rted  a f te r  adm in istra tion , as  a feed additive, of a m ixture 
of ch lo rte tracy c lin e , sulpham ethazine and procaine penicillin  (Woods et a l . , 
1972). D espite the in itia l p ro m ise  of the sulpha drugs in c learance  of 
Bord, bronch isep tica  th e ir w idespread use as  a feed additive in A m erica  
failed to e lim inate the bacterium  from  the national pig herd ; th is fa ilu re  w as 
a ttribu ted  m ainly to the appearance  of sulphonam ide re s is ta n t s tra in s  (H arris  
and Sw itzer, 1972).
The ro le  of chem otherapy in the m anagem ent of the re la ted  d isease  
of whooping cough in man has been the subject of debate  (Linnemann et a l . , 
1974). Studies have shown that, in p e r tu s s is , chem otherapy has little  effect 
on the c lin ica l course  of d isease  if trea tm en t is instituted a fte r clin ical signs 
have becom e evident. However, a num ber of an tib io tics, notably 
chloram phenicol, te tracy c lin e  and ery throm ycin , appear capable of c lea r hi g 
the bacillus from  the re sp ira to ry  tra c t thus preventing fu rth e r sp read  of 
d isease  (Bass et a l . , 1969; Nelson, 1969; Linnemann et a l . , 1974; Is lu r 
e t a l . , 1975). T here  is a lso  som e evidence that use of these drugs early  in
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infection, before the onset of sym ptom s, w ill abort the cliiiical d isease  
(Bass et a l . , 1969).
F rom  these re p o rts  it can be seen that chem otherapy of infections due 
to Bord, sp . has m et v/ith vary ing  deg rees  of su ccess . N onetheless, 
antib io tic therapy Is recom m ended in the m anagem ent of those re sp ira to ry  
d isea ses  in the dog in which Bord, b ronchiseptica may be involved 
(Pennock and A rchibald , 1968. O 'Brien and Todd, 1971). In p a rticu la r, the use of 
broad spectrum  an tib io tics e .g .  chloram phenicol and the te tracy c lin es , has 
been advocated desp ite  a lack of convincing evidence of th e ir  in vivo activ ity  
ag a in st Bord. bronchiseptica. It w as considered worthw hile to investigate 
the effects of such antib iotic  therapy on the experim ental re sp ira to ry  d isease  
produced in dogs by aero so lisa tio n  with Bord, b ronch isep tica .
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SECTION 2 : MATERIALS AND METHODS
E xperim ental A nim als
Com plete l i t te rs  of 8 week old, C o llie -c ro ss  pups w ere  obtained, 
housed and m aintained a s  described  in P a rt II, Section 2,
B acterio logical P rocedures
Production of cu ltu res  for aero so lisa tio n  and exam ination of nasa l 
and pharyngeal swabs and tis su e s  taken a t necropsy  w ere p ro cessed  a s  
described  in P art II, Section 2.
In addition, antib io tic  sensitiv ity  te s ts  w ere  perform ed against 
Bord, bronch isep tica  52498/3 accord ing  to the m ethods recom m ended by 
the W orld Health O rganisation E xpert Com m ittee On A ntibiotics (1961). 
D iagnostic Sensitivity  T es t A gar (DSTA) (Oxoid L td ., London) w as p repared  
with the addition of 7% defibrinated  h o rse  blood (Burroughs W ellcom e L td ., 
Kent) accord ing  to the m an u fac tu re r 's  in s tru c tio n . DSTA p la tes  w ere 
inoculated with a suspension of Bord, bronch isep tica which previous te s ts  
had shown would produce dense, tliough not confluent, grow th. A num ber 
of d ifferent A ntibiotic Sensitiv ity  T e s t D iscs (Oxoid L td ., London) w ere 
then applied to the inoculated p la tes, each disc being applied to a sep a ra te  
p la te . The DSTA p la tes  w ere  then held a t room  tem p era tu re  for th ree  hou rs 
and subsequently incubated overnight a t 37^C. The p la tes  w ere then exam ined 
fo r evidence of zones of inhibition of b a c te ria l grow th.
These te s ts  showed that the te s t s tra in  of Bord, b ro nch iseptica was 
sensitive , in v itro , to am oxycillin , am picillin , chloram phenicol, co listin , 
kanam ycin, oxy te tracy c lin e  and a combination of sulpham ethoxazole and 
trim eth o p rim ; it w as re s is ta n t to n itro furan to in , penicillin  G, streptom ycin  
and su lphafurazole . O xytetracycline and am oxycillin w ere selected  for 
study of th e ir activ ity  in v ivo against Bord, bronchiseptica and the re su lts  
of these studies a re  reco rded  sep ara te ly  in Sections 3 and 4 resp ec tive ly  
(vide in fra ). O xytetracycline is frequently  advocated for use in canine 
re sp ira to ry  d isease  (Aronson and K irk, 1971) w hilst am oxycillin, a re la tiv e ly  
new sem i-syn thetic  penicillin , has been rep o rted  to be p a rtic u la rly  effective 
in the trea tm en t of sensitive  b a c te ria l re sp ira to ry  infections m man,
1 1
possib ly  a s  tiae re su lt  of good penetration  of tlie bronchial m ucous m em brane 
(May and Ingold, 1972).
In the cou rse  of tliese in vivo investigations fu rth e r sensitiv ity  te s ts  
again st the antib iotic  adm in istered  in each experim ent w ere  c a rrie d  out on 
Iso la tes  of Bord, b ronch iseptica  reco v ered , a t in te rv a ls  throughout the 
experim ent, from  infected dogs. The p rocedure  of these te s ts  was as  described  
above but c a re  w as taken to en su re  that the inoculating suspensions of the 
d ifferen t iso la tes  w ere  of equivalent concentration; th is allowed d irec t 
com parison of the sensitiv ity  of the d ifferen t iso la tes  to that antib io tic, 
since for a given antib io tic , the size  of the zone of inhibition is  inverse ly  
re la ted  to the m inim al inhibitory  concentration (M cA llister, 1975).
A eroso lisa tion  P rocedures
N ecropsy P rocedures
H istological P rocedures
Im m unofluorescence P rocedures
V irological P rocedures
. As in P art II, Section 2.
S ero logical P rocedures
Serum  sam ples obtained during th ese  experim ents w ere subm itted 
to the seru m  agglutination te s t fo r antibodies to Bord, b ronch isep tica  
d esc rib ed  in P art II, Section 2.
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SECTION 3 : EXPERIMENT FIVE - OXYTETRACYCLINE THERAPY
E xperim ental Design
A to ta l of 10 healthy puppies, random ly divided into 2 groups of 5 dogs 
each, w ere  used in this experim en t. The f ir s t , trea ted  group was to rece iv e  
oxytetracycline; the second w as to ac t as  an untreated  control group.
At 12 w eeks of age, a f te r  routine p re -challenge  te s ts , a ll 10 dogs w ere  
exposed to an ae ro so l of Bord, bronchisep tica  52498/3 . A fter th is challenge, 
the dogs v/ere m aintained in a common a irsp ace  and exam ined daily for any 
c lin ical evidence of d isease ; the m orning re c ta l tem p era tu re  and p resen ce  
o r absence of cough and n asa l d ischarge  w ere routinely  reco rd ed . N asal 
and pharyngeal swabs w ere  taken daily  from  2 days before  challenge and 
subm itted to b ac terio log ica l exam ination.
Evidence of re sp ira to ry  d isease  ( i .e .  coughing and n a sa l d ischarge) 
becam e clin ically  apparen t on day 3 p o st-challenge . On day 4, one m em ber 
of the control group w as killed to confirm  the estab lishm ent of Infection, 
the trea ted  group w as rem oved to a clean, sep a ra te  a irsp ac e  and trea tm en t 
w as institu ted . T rea tm en t consisted  of a single, daily  injection of 
oxytetracycline (T erram ycin  Q -Pfizer L td .)  a t a dosage ra te  of 5 m g /lb . fo r 
5 days i . e .  days 4-8 inclusively . The antib iotic was adm in istered  by deep 
injection into the b iceps fem o ris  m uscle .
C lin ical exam ination and sam pling of n asa l and pharyngeal flo ra  was 
continued daily in both groups throughout the trea tm en t period  and until 
death . P a irs  of dogs, one from  each group, w ere  killed on days 9, 11 and 13 
post-challenge , the rem ain ing  2 trea ted  and 1 control dogs being killed on 
day 16. At necropsy , pathological, bacterio log ica l. Im m unofluorescence 
and v iro log ica l exam inations w ere  undertaken.
Serum  agglutm ation te s ts  w ere  perform ed  on paired  sam ples from  
each dog taken at challenge and a t death .
Sensitiv ity  te s ts  against oxy tetracycline w ere  perfo rm ed  on the 
challenge cu ltu re  of Bord, bronchisep tica  and on iso la tes  of Bord, b ro n ch i­
septica recovered  from  the nose and pharynx of each dog during the trea tm en t
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period  and from  the bronchus of each dog at necropsy .
C lin ical Findings
No c lin ical evidence of d isease  w as apparent in any dog until a f te r  
aero so lisa tio n  when signs of re sp ira to ry  d isease  developed in a ll dogs from  
botli g roups. As in p rev ious experim ents, the predom inant clin ical sign of 
d isea se  was coughing (Fig. 85 ).
In the untreated  control group a ll 5 dogs w ere found to be coughing on 
the third day a fte r infection. Coughing w as m ost severe , with frequent, 
paroxysm al bouts, between days 5-10 a fte r infection; th e rea fte r , coughing 
p e rs is te d  as  a prom inant c lm ical fea tu re  although in dog num ber 57, killed 
a t  13 days, it becam e sporadic a fte r day 10; coughing w as s till p re sen t at 
16 days when the rem ain ing  m em ber of th is  group was k illed .
A ll m em bers of the trea ted  group w ere  also  coughing 3 days a fte r 
infection. In one dog (No. 49), killed 9 days a fte r infection, th e re  w as 
rem iss io n  of clin ical signs within the trea tm en t period , coughing being absent 
in th is dog on day 8 i . e .  the la s t day of trea tm en t, and day 9. In the rem ain ing  
4 dogs, however, coughing continued despite  trea tm en t until the tim e of death . 
In 2 of these dogs (Nos. 50 and 52), coughing was severe  and paroxysm al on 
days 5-7  but becam e sporadic, though s till  significant, in la te r  stages i . e .  
a f te r  the end of trea tm en t; in the rem ain ing  2 dogs (Nos. 51 and 53), coughing 
w as m ost severe  between days 5-7 and from  day 12 until death with an 
in tervening period , days 9-11 when paroxysm s of cough mg w ere  le ss  frequent 
and of sh o rte r  duration .
Dogs from  both groups w ere  occasionally  found to have a slight serous 
o r  mucoid nasa l d ischarge  from  days 8-10 a fte r infection. In the trea ted  
group, in tram u scu lar m jection of T erram ycin  Q resu lted  in tran sien t 
d iscom fort : the injected leg w as ca rried  for 5-10 m inutes a fte r injection 
and the dogs occasionally  licked o r gnawed a t the injection s ite .
T here  w as no evidence of system ic involvement : m orning re c ta l 
tem p era tu res  rem ained within norm al lim its  and a ll dogs w ere bright, with 
good appetites throughout the experim ent.
49
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TREATED G R O U P : C o u g h
: N o  c o u g h
t r e a t m e n t
U N T R E A T E D  C O N T R O L  G R O U P
DAYS  AFTER I N F E C T I O N
Fig. 85 : Experim ent five - incidence of coughing.
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M acroscopic : In the un treated  dog (No. 54), killed on day 4, red  foci 
up to 2 mm in d iam eter w ere  found on the p leu ra l su rface  and in the substance 
of the lungs. Sm all am ounts of a m ucopurulent exudate w ere  p re sen t in the 
trachea  and the p o s te r io r  nasopharynx. The bronchial and re tropharyngeal 
lymph nodes w ere enlarged to twice no rm al size and w ere  v e ry  oedem atous.
In the un treated  dogs (Nos. 55 and 56), killed on days 9 and 11 
resp ec tiv e ly , sm all red  foci w ere  again found throughout the lungs and, in 
addition, th e re  w ere  firm , dark  red  a re a s  of exudative pneumonia in the 
dependent portions of the ap ica l and card iac  lobes and along the an te ro - 
v en tra l edges of the d iaphragm atic  lobes; these a re a s  w ere m ore extensive 
in dog No. 56. Mu copus w as p re sen t along the length of the tracheobronchial 
tre e  and nasopharynx : b ronchial and re tropharyngeal lymph nodes w ere  
enlarged and congested.
However, in the trea ted  dogs (Nos. 49 and 50), killed a t the sam e stage, 
only 1 mm red  foci w ere  found in the lung substance and although slight 
quan tities of exudate w ere  p re sen t in the tracheobronch ial tre e , th is was of 
a c lea r, mucoid na tu re ; the assoc ia ted  lymph nodes w ere enlarged and 
c ongested .
Exudative pneumonia w as a lso  a fea tu re  of untreated  contro l dogs 
(Nos. 57 and 58), killed on days 13 and 16; in dog No. 57 th is  was confined ■ 
to the an tero  v en tra l portion of the left diaphragm atic lobe and only scant 
quan tities of a pu ru len t exudate w ere  found in the bronchi; in dog No. 58, 
how ever, a ll lobes w ere  affected and mucopus w as found along the length of 
the tracheobronch ia l t re e  and in the nasopharynx. Of the trea ted  dogs killed 
a t th is  tim e, dog N os. 51 and 53 had patchy a re a s  of exudative pneumonia 
p re sen t in a ll  lobes of the lung and a m ucopurulent exudate in the tra ch eo ­
bronch ial tre e  and nasopharynx; in dog No. 52, how ever, m ultip le  1 mm 
red  foci and a scant mucoid exudate w ere p re se n t. The bronchial and 
re tro p h ary n g eal lymph nodes w ere enlarged and firm  in a ll dogs killed a t 
th is  stage .
2 16
M icroscopic: The histopathological findings in this experim ent a re  
sum m arised  in Table 36. In both trea ted  and control groups the h isto logical 
fea tu re s  p re sen t in the re sp ira to ry  tra c t  of the aero so llsed  dogs w ere  those 
which have been p rev iously  described  in Bord, b ronch isep tica infection 
(Part II, Sections 3 and 4): th e re  was colonisation of the re sp ira to ry  
epithelium  by G ram -negative  b ac te ria  with developm ent of a sev ere  tra ch eo ­
b ronch itis  and, in som e dogs, an assoc ia ted  exudative pneumonia; rh in itis  
and inflam m ation of the lymph nodes d rain ing  the re sp ira to ry  tra c t  w ere  a lso  
p re se n t.
In dog 54, the untreated  control killed on day 4, tliese pathological 
changes in the re sp ira to ry  tra c t  w ere  a lread y  w ell estab lished ; th e re  v/as a 
m odera te  tracheobronch itis  with congestion, oedema and polym orphonuclear 
leucoc^rte in filtra tion  of the lam ina p ro p ria ; the epithelium  was a lso  in filtra ted  
by die se  ce lls  and many b ac te ria  w ere  p re sen t among the su rface  c ilia .
the control dogs (Nos. 55 and 56), killed on days 9 and 11, th e re  w as 
a m ore  sev ere  tracheobronch itis  with ep ithelial n e c ro s is ; a re a s  of exudative 
pneum onia w ere  a lso  p re se n t around sev ere ly  affected bronchi and bronch io les. 
In con trast, only a mild to m oderately  severe  tracheobronch itis  w as evident 
in trea ted  dogs N os. 49 and 50, a lso  killed on days 9 and 11, b ac te ria  w ere 
p re sen t along the ep ithe lia l su rface  but th e re  was no ep ithelial n e c ro s is  and 
in flam m atory  changes in the m ucosa w ere  in general le s s  severe ; changes 
in lung parenchym a w ere  confined to occasional foci of a lv eo lar m acrophages 
and a few polym orphonuclear leucocytes in a lveo lar a ir  sp aces .
By dâys 13 and 16, how ever, th e re  w as little  d ifference in the h is to -  
pathologlcal findings in treated and untreated  dogs (see Table 36); tra c h eo ­
b ronch itis  and exudative pneumonia w ere p re sen t in both groups. As In previous 
experim en ts, a t th is stage of infection with Bord, bronchiseptica the m ucosa 
of the tracheobronchial tre e  w as thickened with a mixed ce llu la r In filtra te  
of polym orphonuclear leucocytes, lym phocytes and a few p lasm a cells  
p re sen t in the lam ina p ro p ria ; b ac te ria  w ere  s till p re sen t on the su rface  of 
the overlying epithelium  which w as hyperp lastic  and in filtra ted  by po ly ­
m orphonuclear leucocytes.
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Bactreriologîcal F indings
The effects of trea tm en t with oxytetracycline on the bacterio log ical 
fea tu res  of Bord, b ronchiseptica  infection w ere lim ited to a reduction m the 
excretion  of the b acte ria  during the trea tm en t p e riod .
The reco v ery  of Bord, bronch isep tica  from  p re -m o rtem  nasa l and 
pharyngeal swabs is shown in Table 37, Institution of trea tm en t with 
oxytetracycline resu lted  in a m arked d ecrease  in the recovery  of B ord. 
b ronchiseptica  from  these swabs on days 5 - 7  Inclusive. On days 8 and 9 
i . e .  the la s t day of trea tm en t and the following day, reco v ery  of Bord, 
bronchisep tica  from  n asa l and pharyngeal swabs from  trea ted  dogs w as s till 
le s s  consisten t than from  contro ls, but from  day 10 onwards i . e .  a fte r the 
end of trea tm en t, there  w as no difference between the groups.
T rea tm en t with oxytetracycline had little  effect on the isolation of 
Bord, bronchiseptica a t p o st-m o rtem  exam ination (Table 38). Bord, 
b ronchiseptica  w as recovered  from  the re sp ira to ry  tra c t  of trea ted  dogs 
a s  frequently  and In a s  profuse  cu ltu re  a s  from  the untreated contro ls; Even 
in trea ted  dog No. 49, killed only 1 day a fte r the la s t dose of antib iotic, there  
w as no evidence of c learance  of Bord, bronchiseptica from  the re sp ira to ry  
tra c t .
The re su lts  of the sensitiv ity  te s t to oxytetracycline perform ed on the 
v a rio u s  iso la tes  of Bord, bronch isep tica  a re  shown in Table 39. The 
d iam e ters  of the zones of inhibition of b ac te ria l growth w ere identical for 
the infecting cu ltu re  of Bord, bronch isep tica  and iso la tes  of Bord, b ronchiseptica 
recovered  from  nasa l and pharyngeal swabs during the trea tm en t period and 
from  the tracheobronchial tre e  a t p o st-m ortem  exam ination . The in v itro  
sensitiv ity  of the infecting bacterium  to oxytetracycline rem ained  the sam e 
throughout the experim ent: re s is ta n c e  to the antibiotic did not develop.
Im m unofluorescence Findings
The re su lts  of im m unofluorescence exam ination of sections of lung 
stained with specific , fluo rescen t, anti-B ordetella  an tiserum  w ere identical 
to those of previous experim en ts. F lu o rescen t bacte ria  w ere found 
predom inantly  on the su rface  of the epithelium  in the bronchial tre e  and in
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exudate p re sen t In the bronchial lum en. B acteria w ere a lso  found in d eb ris  
in a re a s  of ep ithelial n e c ro s is . Specifically  stained b ac te ria  w ere  not found 
in the lymph nodes o r tonsils  of any anim al in th is experim ent.
Staining of tis su e s  w as specific anti-CDV and anti-CAV a n tise ra  failed 
to rev ea l any v ira l  antigen.
S ero logical Findings
The re su lts  of the serum  agglutination te s ts  perform ed in th is 
experim ent a re  shown in Table 40. C ircu la ting  antibody to Bord, bronchisep tica  
w as not found in any dog before infection but developed in dogs from  both 
groups a f te r  infection. T itre s  p resen t ranged from  8 a t 9 days a fte r  infection 
up to 32 a t 16 days a fte r  infection.
V iro log ica l Findings
No known canine v iru s  could be isolated  from  the re sp ira to ry  tra c t  of 
any dog used in this experim ent.
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SECTION 4 : EXPERIMENT SPC - AMOXYCILLIN THERAPY 
E xperim ental Design
This experim ent was s im ila r  in design to experim ent five.
12 puppies, random ly a llocated  to 2 groups of 6, w ere used : the f ir s t  
group was to be tre a ted  with am oxycillin; the second was an un trea ted  
contro],.
The dogs w ere exposed to an ae ro so l of Bord, b ronchisep tica  
52498/3 at ,12 weeks of age, a fte r routine p re -ch a llen g e  te s t s .  A fter 
challenge, until the tim e  of death, each dog was exam ined daily fo r 
clin ical evidence of d isea se , the m orning re c ta l tem p e ra tu re  and p re sen ce  
o r  absence of cough and n asa l d ischarge  w ere noted and nasa l and pharyngeal 
swabs w ere taken daily fo r  bacte rio log ica l exam ination.
Am oxycillin therapy  was institu ted  on day 5 a fte r aero so lisa tio n  when 
c lin ica l re sp ira to ry  d isease  was estab lished  in both groups of dogs. 
T rea tm en t consisted  of o ra l ad m in is tra tio n  of am oxycillin a t a m inim um  
ra te  of 10 mg p e r  lb. tw ice daily. Each dog was weighed, the amount of 
am oxycillin  req u ired  to a tta in  th is  dosage ra te  computed and each dog 
given the n e a re s t m ultiple of 25 m g of am oxycillin above th is computed 
am ount tw ice daily. T rea tm en t was continued at in tervals of 12 hours 
fo r  5 days i . e .  days 5 to 9 inc lusive. Both groups of dogs w ere  m aintained 
in a common a irsp ace  until tre a tm en t was begun, when the tre a te d  group 
was moved to a sep a ra te  a irsp a c e , w here they w ere kept until death.
One m em ber of the un trea ted  group was killed on day 4 to confirm  
the  estab lishm ent of infection and p a irs  of dogs, one from  each group, 
w ere  k illed  days 7, 14, 15 and 16 a fte r  infection; 2 tre a te d  and 1 un trea ted  
dog w ere killed  on day 10.
At necropsy , pathological, bacte rio log ica l, im m unofluorescence and 
v iro log ica l exam inations w ere  undertaken.
Serum  agglutination te s ts  w ere  perfo rm ed  on p a ired  serum  sam ples 
taken from  each dog at challenge and at death.
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Sensitivity  te s ts  against.am oxycillin  w ere perfo rm ed  on the 
challenge cu ltu re  of Bord, b ronch isep tica  and on iso la ted  sta ins  of Bord, 
b ro nch isep tica reco v ered  from  the nose o r pharynx of each dog during 
the tre a tm en t period  and from  the bronchus of each dog at necropsy .
C lin ical Findings
Both groups of dogs rem ained  healthy until a fte r aero so lisa tio n  
when re sp ira to ry  d isease  developed in a ll 12 an im als. T his re sp ira to ry  
d isease  was ch a rac te rised , as in previous experim ents, by a h a rsh  
spontaneous cough, the incidence of which is shown in F ig . 86,
.• Coughing was f i r s t  noted in both tre a te d  and un treated  groups on 
day 3 and by day 4, all dogs w ere  affected (F ig. 86 ). ^Coughing continued 
in both groups of dogs until the tim e of death and in both groups, becam e 
sev e re , with frequent paroxysm al a ttack s , from  day 7 onw ards.
A nasal d ischarge  was noted to occur irreg u la rly  in m em bers of both 
groups from  day 5 onw ards; th is  was usually  serous in na tu re  but from  
days 5 to 12 it tended to be of a th ick , mucoid consistency .
M orning re c ta l tem p e ra tu res  rem ained  within the norm al range and 
the  dogs appeared  b rig h t and a le r t  throughout the experim ent.
Oral adm in istra tion  of am oxycillin was well accepted by the tre a te d  
dogs and had no clin ically  d isce rn ab le  ad verse  effects upon them .
Patholo g ical F indin g s .
M ^ro_scopi£ : At post m ortem  exam ination th e re  was no difference
in the type, d istribu tion  o r sev e rity  of the lesions found in tre a te d  and 
un trea ted  groups.
In d o ^  killed  up until day 10, sm all redd ish  foci up to  1 mm in d iam eter 
w ere  found throughout the lung substance and on the p leu ra l su rface ; from  
day 14 onw ards, s im ila r , pinpoint foci w ere  found but in addition, so lid , 
g re y ish -re d  foci of exudative pneum onia w^ere p re sen t, m ainly in the ap ical 
and. card iac  lobes. E xcessive am ounts of exudate w ere found in the 
tracheobronch ia l t re e  of all 12 dogs; th is exudate varied  in quantity but 
was invariably m ucopurulent in n a tu re .
2 2 6
TREATED G R O U P
t r e a t m e n t  I
UNTREATED C O N T R O L  G R O U P
59
60 
61 
62
63
64
U J
CÛ
3  65 
Z
Û 67 
68
69
70
0 2 4 6 8 10 12 14
DAYS AFTER I N F E C T I O N
Fig. 86 : Experim ent 6 - incidence of coughing.
• C o u g h  
: N o  c o u g h
Mucopus was also found in the  nasa l cavity of m ost dogs and was 
p a rtic u la rly  prom inent in the ethm oturb inate region; occasionally , the 
m ucopus extended back along the roof of the nasopharynx to overlie  the 
adenoids. The adenoids them selves w ere, in dogs killed  from  day 7 
onw ards, prom inent and often congested. The palatine  tonsils  w ere 
only occasionally  en larged  but, in dogs from  both groups, the bronchial 
and re tropharyngeal lym ph nodes w ere consisten tly  en larged  to about 
tw ice norm al size ; up until day 10, th ese  lymph nodes w ere congested 
and oedem atous but, th e re a f te r , although congested a reas  w ere s til l  
found, they w ere firm  in consistency .
M icroscopic : The h isto log ical f in d in g , shown in Table 41, w ere  
s im ila r , in both groups of dogs, to those which have been assoc iated  with 
Bord, b ronch isep tica  infection in p rev ious experim ents. In both tre a ted  
and un trea ted  dogs, th e re  was tracheobronch itis , c h a rac te rised  by the 
p re sen ce  of G ram -negative b a c te r ia  among epithelial c ilia  and the 
in filtra tio n  of polym orphonuclear leucocytes into the lam ina p ro p r ia , 
epithelium  and lum en of the tracheobronch ia l tre e . In dogs k illed  from  
day 4 onw ards, the epithelium  seem ed hyperp lastic  and in c reasin g  num bers 
of lym phocytes w ere found in the  lam ina p ro p ria .
In the lung parenchym a changes ranged from  the p re sen ce  of in c reased  
num bers of m acrophages in the alveoli to foci of pneum onia, usually around 
affected  b ronch io les, w here the alveoli w ere packed by polym orphonuclear 
leukocytes and m acrophages. In the nasa l cavity, th e re  w ere  inflam m atory  
changes in the m ucosae of the tu rb in ate  bones with G ram -negative b ac te ria  
v is ib le  in the c ilia  of an epithelium  in filtra ted  by polym orphonuclear 
leucoc;^rtes.
Congestion, sinusoidal oedem a and in filtra tion  of polym orphonuclear 
leucocytes w ere the m ost s trik in g  findings in the lymph nodes of dogs 
killed  up until 10 days; th e re a f te r , lym phoid fo llicu la r hyperp lasia  becam e 
m arked .
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Bacteriological Findings
T rea tm en t with am oxycillin  had no effect on e ith e r p re -m o rte m  
o r  post m ortem  bacte rio lo g ica l findings.
The recovery  of Bord, b ronch isep tica  from  nasa l and pharyngeal 
swabs is shown in Table 42 : in botli tre a te d  and un trea ted  control groups 
alike the bacterium  was reco v ered  from  nasal and phar>mgeal swabs 
from  1 day a fte r infection until the tim e of death.
The recovery  of Bord , b ronch isep tica  from  sam ples taken at p o s t­
m ortem  exam ination is shown in T able 43, Bord, b ronch isep tica  was r e ­
covered  in profuse, usually  p u re , cu ltu re  from  the tracheobronch ia l t r e e  
of a ll dogs irre sp e c tiv e  of duration of infection o r  trea tm en t s ta tu s „
The re su lts  of sen sitiv ity  te s ts  to am oxycillin perfo rm ed  on the 
iso la tes  of Bord, b ronch isep tica  a re  shown in Table 44. All iso la te s  
exam ined had zones of inhibition of b a c te r ia l growth of a lm ost identical 
d iam e te r . Increased  re s is ta n c e  of Bord, b ronch isep tica  to am oxycillin 
did not, th e re fo re , develop during the p e riod  of infection.
Immunofluo rescence  Findings
Staining of sec tions of lung with specific  fluo rescen t, an ti-B o rd e te lla  
an tise ru m  resu lted  in the lo calisa tio n  of b a c te ria  to the su rface  of bronchial 
and b ronch io lar ep ithe lium ; fluo rescen t bacteria  w ere a lso  p re sen t in 
lum inal exudate; th e re  v/as no d ifference between the tre a te d  and un trea ted  
groups. Sections of lym ph node and tonsil did not contain fluorescen t 
b a c te r ia . Sections of lung,lym ph node and tonsil stained  with specific  
anti-CD V  an tiserum  and anti-CAY an tiserum  showed no evidence of v irus 
infection.
S ero logical Findings
The re su lt of agglutination te s ts  on p a ired  serum  sam ples from  each 
dog a re  p re sen t in T able  45. T itre s  ro se  from  undetectable levels at the 
tim e  of challenge to a m axim um  of 16 at 16 days a fte r  challenge.
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V irological Findings
No known canine virus could be Isolated from the re sp ira to ry  
t r a c t  of any dog used in this experim ent.
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SECTION 5 : DISCUSSION
The object of the experim ents described in Sections 3 and 4 was to 
investigate the in vivo efficacy of 2 different antibiotic agents, oxytetracycline 
and amoxycillin., against Bord, bro.nchiseptica infection in the dog.
In Section 3 treatm ent with oxytetracycline resulted in only a slight 
decrease in die severity  of clitiical signs of resp ira to ry  disease and 
pathological changes in the re sp ira to ry  tra c t. This decreased severity  
was apparent only by comparison with untreated controls; neid ier clinical 
re sp ira to ry  d isease, nor resp ira to ry  tra c t pathology was abolished by 
chemotherapy. In addition, the duration of this decreased severity  was 
lim ited to the end of treatm ent and the immediate post “treatm ent phase; 
once treatm ent ceased, both clinical signs and pathological changes became 
as  severe in treated as  in control an im als. Treatm ent with oxytetracycline 
also  resulted  in decreased recovery of Bord, bronchi sept! ca from nasal 
and pharyngeal swabs. This moderation in bacteria l excretion was of very  
short duration and did not even extend to the end of the treatm ent period; 
by then, recovery of Bord, bronchiseptica from the nose and pharynx of 
treated  anim als was again as  frequent as from untreated controls.
Treatm ent had no effect on the recovery of Bord, bronchiseptica from the 
re sp ira to ry  trac t at post m ortem  exa^mination.
In Section 4, treatm ent with amoxycillin failed to modify any of the 
clinical, pathological or bacteriological features of Bord, bronchiseptica 
infection which w ere recorded in this experim ent: in particu lar, there 
was no am elioration of the d isease syndrome and no reduction in the 
excretion of Bord, bronchiseptica.
From  these resu lts  it is apparent that, despite the in v itro  sensitivity 
of Bord, bronchiseptica to oxytetracycline and amoxycillin, under the 
conditions prevailing in these experim ents neither antibiotic was able 
e ither to elim inate Bord, bronchiseptica from the re sp ira to ry  trac t or 
to a lte r  significantly the course of disease in individual anim als. There 
appears, therefore, to be little  indication either on the grounds of 
improvement in signs of disease in Individual anim als or of protection of
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tlie m ore  genera l population for the use of e ither  of these antibiotics, In the 
reg im es  used in these experim ents , in the trea tm ent of Bord, bronchiseptica 
infection in the dog.
F a i lu re  of antibiotic therapy may be due to any one, o r , indeed, any 
combination, of a num ber of fac to rs  e .g .  m isdiagnosis, inappropriate  
antibiotic selection, development of b ac te r ia l  re s is ta n c e  o r  inadequate dosage 
r a t e .  The experim ental na tu re  of these  investigations precluded the 
possib il ity  of m isdiagnosis; the causal agent of the re sp ira to ry  d isease  was 
known to be b ac te r ia l  and, therefore , susceptible, at leas t  in theory, to 
antibiotic action. The selection of the antibiotics tested in these  experim ents  
was based on the re s u l ts  of the in v itro  investigations of the susceptibility'' 
of Bord, bronchiseptica  to antibiotic action; both oxr'tetracycllne and 
amoxycillin w ere  amongst those agents which would, in a clinical situation, 
have been recommended a s  likely to be of use against Bord, bronchiseptica . 
Bord, bronchiseptica did not, a s  far as  could be determ ined, develop 
re s is ta n c e  to the action of e ithe r  oxytetracycline o r  amoxycillin during the 
course  of the experim ents; s t ra in s  of the bacterium  recovered  at post, m ortem  
examination had the sam e in v itro  sensitiv ity  a s  had the orig inal infecting 
s t ra in s .
Since die se fac to rs  i . e .  m isdiagnosis , inappropriate  antibiotic 
selection and re s is ta n c e ,  seem  unlikely to be involved in the fa ilure  of 
oxytetracycline and amoxymillin to produce improvement in re s p ira to ry  
d isea se  caused by Bord, bronchiseptica , it is m ost probable that the lack of 
response  to chemotherapy was associated  with inadequate dosage reg im e s .
In o rd e r  for an antibiotic to exert i ts  maximum effect against a susceptible 
bacte rium  in vivo It is  f i r s t  n e c e s sa ry  that the antibiotic be p resen t  at the 
s ite  of b ac te r ia l  multiplication in a t  leas t  the minimum inhibitory concentration 
of that antibiotic for that bacte rium  for a sufficient period of t im e. The 
concentration of antibiotic reach ing  the site of b ac te r ia l  multiplication is 
dependent on the ra te  of absorption of antibiotic from the. site  of ad m in ­
is tra tion , the amount of antibiotic given and tlie distribution of antibiotic 
within the body tissues ; the duration of a minimum concentration is  re la ted  
to the ra te  of breakdown of antibiotic and its  ra te  of excretion from  the body. 
The dosage rég im es  employed in the therapy of bac te r ia l  d isea ses  m ust be
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such a s  to ensure  that, taking account of, for example, absorption and 
exrre tlon  ra te s ,  the requ ired  mhiimum Inhibitory concentration is maintained 
for an adequate period of time at the appropria te  s ite .
The dosage reg im e  for oxytetracycline used in experim ent five was 
based on die recom m endations contained in the m an u fac tu re rs ’ data sheets ' 
on the grounds that this v/ould re su l t  in a therapeutic reg im e  equivalent to 
that which would be used under field conditions. The highest daily dosage 
r a te  quoted, i . e .  5 m g/lb , was used and 'the trea tm ent was continued for 
that period of time i . e .  5 days, in which some indication of resolution of 
d isease  might reasonably  be expected (Smith, 1972). Whilst the minimum 
inhibitory'' concentration of oxytetracyclm e for the infecting s tra in  of Bord, 
b ronchiseptica is unlcnown, a s  is the exact concentration of oxytetracycline 
which would be achieved at the bronchial epithelial surface a s  a re su l t  of 
the dosage reg im e used in this experim ent, nonetheless, the slight 
im provem ent seen in the clinical, pathological and bacterio logical fea tu res  
of Bord, bronchiseptica in this experim ent indicates that, for a t leas t some 
period  of tim e following trea tm ent, a t  leas t  the minimum inhibitory 
concentration was achieved at the re s p ira to ry  epithelium. The fa ilure  of 
the trea tm en t reg im e to produce m ore  than this slight, t rans ien t im provem ent 
in the d isease  p ic tu re  might well be the re su l t  of failure  to maintain the 
m inim al concentration fo r an adequate period of tim e. If this is so, then an 
increased  dosage ra te ,  possibly  combined v/ith increased  frequency of 
trea tm en t,  might well re su l t  in successfu l oxytetracycline therapy of Bord, 
bronchiseptica  infection in dogs.
The dosage reg im e used for amoxycillin in experim ent six i . e .  10 m g/lb  
twice daily by mouth, was decided upon a f te r  consultation with the 
m anufac tu rers  (Beecham Animal Health, Middlesex) who also  estim ated the 
minimum inhibitory concentration of amoxycillin for the infecting s tra in  of 
Bord, bronchiseptica to be 5 p g /m l.  It has been shown that this concentration 
of amoxycillin i . e .  5 p g /m l is  attained in the blood of dogs following o ra l  
adm inistra tion  a t a ra te  of 5 m g /lb  (Palmer et a l . , 1976); the antibiotic is, 
however, rapidly  excreted  from the body resu lting  in a rapid  fall in blood 
concentration. The dosage ra te  used in experim ent six i . e .  10 m g /lb  was 
therefo re  sufficient to attain the minimum inhibitory concentration of
2 3 8
amoxycillin in at leas t  the blood of the trea ted  an im als .  F a ilu re  of 
amoxycillin in vivo might, therefore , be due e ither to the p resence  of a lower 
concentration of antibiotic a t the re sp ira to ry  epithelium than in the blood or 
to rapid excretion of the antibiotic resu lting  in a period of activity  re s t r ic te d  
to the few hours im m ediate ly  following adm inistration of the drug.
As with oxyi'tet.ra eye line, increased  dosage ra te s  and reduction of 
in te rva ls  between dosage might re su l t  in an increased  efficacy of chemotherapy 
with amoxycillin, but additional anim al experim ents  would be n e ce ssa ry  to 
estab lish  a valid treatnrient reg im e  using e ither  of these antib iotics .
The rou tes  of adm inistra tion  of antibiotic used in the above experim ents  
differed : the o ra l  route of experim ent six was be tte r  to lerated  by tlie trea ted  
an im als  than the in tram uscu lar  route  of experim ent five which resu lted  in 
tran s ien t  d iscom fort with ca r r ia g e  of the injected leg and gnawing of the 
injection s ite .  Since effective chemotherapy of Bord, b ronchiseptica infection 
m ay depend on frequent, high doses of an appropria te  antibiotic, it is  likely 
that o ra l  adm inistra tion  of such antibiotics will be the method of choice.
Elucidation of an appropria te  chemotherapeutic reg im e for cases  of 
Bord, bronchiseptica infection in the dog will entail fu r th e r  experim ental 
w ork . It may be that the severity  of pathological changes which a re  likely 
to be p re se n t  when an anim al is  p resen ted  for trea tm en t will mean that 
elimination of Bord, bronchiseptica  from  the affected anim al will not re su l t  
in im m ediate recovery  from  d isease  ; tim e will be needed for the resolution 
of those lesions a lready  p re s e n t .  Nonetheless, elimination of Bord, 
bronchiseptica  from, an affected individual should prom ote m ore  rapid  
reco v ery  from  d isease  and would, of course , elim inate  the infection r i s k  
to o ther uninfected, in -contact an im als .  However, in the kennel situation 
in which the m ajority  of contagious canine re sp ira to ry  d isease  occurs, 
chemotherapy of a severe ly  affected individual is  unlikely to have its  optimum 
effect unless trea tm en t is  combined with rem oval to a clean a irsp ace  where 
the trea ted  dog v/ill no longer be exposed to continual reinfection both from other 
inm ates and from a contaminated environment.
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/■ ‘ CONCLUSIONS
In the introduction to this thes is ,  re fe rence  was made to the 
uncertainty which has, in the past, surrounded the ro le  played by b ac te r ia  
in contagious canine re sp ira to ry  d isease; the investigations described  in 
this thesis  have resolved some of this uncertainty and have provided data 
which, it is hoped, may lead to m ore  effective management of naturally  
o ccurring  outbreaks of re sp ira to ry  d isease  in dogs.
The surveys which com prised  P art I of this thesis  established that 
b ac te r ia l  infection of the low'er re sp ira to ry  t ra c t  was commonly p resen t  in 
naturally  occurring  cases  of both the m ajo r clinical re sp ira to ry  d isease  
syndrom es of the dog i . e .  canine d is tem per and kennel cough. In both 
syndiomes, b ac te r ia l  infection Vvas m ost often associated  with the bacterium  
Bord, bronchiseptica; o ther b ac te r ia l  species, E. coli, Staph, sp p .,
S trep, s p p . , Pasteurella  spp. and Proteus spp. were le ss  frequently involved.
In both canine d is tem per and kennel cough, bacte ria l  infection of the 
lower re s p ira to ry  t ra c t  was generally associated  with a m ore  severe  
re sp ira to ry  d isease  than was p re sen t  in dogs in which the lower resp ira tory  
t r a c t  was bacteriologically  s te r i le .  It was evident that in both these  d isease  
syndrom es bac te r ia  played an im portant ro le  in the p rog ress ion  of the 
naturally  occurring  d isease . M oreover, it seem ed possible that in kennel 
cough the bacterium  Bord, b ronch isep tica might play a p r im ary  aetiological 
ro le  s ince this m icroorgan ism  could be recovered  in profuse, pure  culture 
from  the re sp ira to ry  t r a c t  of dogs Vv^ ith re sp ira to ry  d isease  in the alDsence, 
as fa r  as could be determ ined, of any o ther known re sp ira to ry  pathogen.
F u r th e r  investigations, described  in Part II of this thes is ,  confirmed 
that Bord, bronchiseptica could act as a p r im ary  re sp ira to ry  pathogen in 
the  dog. Experim ental infection of young dogs by aerosol resu lted  in a 
clinical re sp ira to ry  d isease, ch a rac te r ised  by coughing and s im ila r  to 
naturally  occurring  kennel cough, which was rapidly transm itted  to in-contact 
an im als. Pathologically, the experim ental d isease  was charac te r ised  by 
rh in itis , tracheobronchitis  and, in som e dogs, a. focal exudative pneumonia; 
b ac te r ia  could be localised between the cilia of re sp ira to ry  epithelia by 
histological, immunofluorescence and u ltra s tru c tu ra i  techniques. The
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d isease  p e rs is te d  until at leas t  3 weeks a fte r  infection at which tim e Bord, 
bronchiseptica  could s t i l l  be recovered  in profuse, pu re  culture from  the 
tracheobronchia l t re e .
The attem pts at immunoprophylaxis, described  in Part III, established 
tha t pro tection  from experim ental canine bordete llosis  could be obtained by 
p a re n te ra l  vaccination with an aluminium hydroxide adjuvanted p repara t ion  
of heat “killed bacte ria ; it rem ains  to be seen whether a s im ila r  vaccine 
would be of value in the control of naturally  occurring  re sp ira to ry  d isease  
in the dog in which Bord, b ronchiseptica  is involved. Although the adjuvanted 
vaccine did produce high circu lating  agglutinin t i t re s  against Bord, bronchiseptica , 
p rotection from  d isease  could not be asc ribed  solely to the system ic  humoral 
immune response  since dogs vaccinated with an unadjuvanted p reparation  
developed equally high agglutinin t i t r e s  but w ere  not pro tec ted  from  d isease . 
F u r th e r  investigations of the mode of action of the adjuvanted vaccine should 
provide valuable information about those immunological m echanism s responsib le  
for pro tec tion  against Bord, bronchiseptica  infection in p a r t icu la r  and against 
re sp ira to ry  d iseases  in general.
The experim ents which com prised  Part IV of this thesis  dem onstrated  
the  difficulties which may a r i s e  in providing effective chemotherapy of 
b ac te r ia l  infections of the re sp ira to ry  t r a c t .  Despite the use of p re lim inary  
te s t s  which confirmed the efficacy of both agents in v i t ro , neither 
oxytetracycline nor amoxycillin a l te red  significantly the course  of an 
experim ental infection with Bord, b ronch isep tica . The dosage ra te s  and 
the t im e  in tervals  between antibiotic trea tm en ts  appear to be of c r i t ica l  
im portance in determ ining the success  o r  fa ilu re  of chemotherapy and 
fu r th e r  t r i a ls  would be n ecessa ry  to determ ine an optimal therapeutic  
reg im e . Nonetheless, it seem s likely that su ccess fu l  chemotherapy of 
experim ental o r  natural Bord, bronchiseptica  infection in the dog \vill 
involve the use of high doses of antibiotics at frequent in te rva ls .
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